=

ey

| SUMMARY OF ACTIVITIES
NO. 9

JANUARY, FEBRUARY, AND MARCH

1947

PR 90 W

COMMUNICABLE DISEASE CENTER

TECHNI(AI DEVELOPMENT DIVISION

, _ SAVANNAH, GEORGIA
] -

COPY NO.

RESTRICTED

rom the holdings of the NationalfArehivestabAtianta




PR R

Fbie

<

This report presents results of work in progress
and the conclusions reached may -not be final. For
this reason, the contents should not be published
or referred to in articles for publication without
permission of the U. S. Public Health Service.

APD 9N 107



CUITTENTS Page
, ReCORD COPY
INSECTICIDE IVVESTIGATICYS BRATCH -— = = = = = = = = = = = = = o ;e = = m =~ = 1
Effects of Surfaces and Household Cleaning Operations
on the Fesifual Toxicity of DDT Spray FormulationS....... .
Laboratory House Fly Contrcl Studies...... P S P PR .8
Comparative Tests of Sone Potential Residual Insecticides
against Adult Flies and MOSQUILOES. .. veeerneneneerenonnneens. .11
CUNTROL METHCDS AND EVALUATION BRANCH - = — = = = = = = = = = = = = = =~ ~ = 16
Hookworii Control InvestigationS......... SR BB b g .e..16
é' EVALUATIOUN CF THERAL-ABROUSCUL FOG GEFEZRATCUR AS AN APPARATUS FCR :
p APPLYING RESIDUAL SPRAY- — = — ~ = = = = = = = = = = = = = &~ = = = — = - 19
: Equipient...... R R et A W B e P IR 19
- Testing Procedur€...coveeeeen.. S ST MY Ot A cae i S 2l
| Chemical Evaluaticn...... o R B R R AR e b ey B n e b 23
3 ProCElUT et iternerecnnerannconunnosnane b S I R 8 el 23
Besulbsae. . cavscna R e TP T v R U S S 23
Laboratory Biological Evaluation............ sniesimF R B s b e e .25
PrOCEOUID: uvuiiiiiiininne bhame muesyns SRCTroRal T, S SENPORS Rg - pl 5y L <25
- il BEEUL T ey nvmn 3008 50m om0 5w W 8w § L W e g Sk 26
. Field Biclogical EvaluetioN.eeeeeeeceeeeeennass R 28
2 = Conclusion.........u... L R R e B K .28
=
c: ‘
oo CHEHICAL INVESTIGATIONS BRAICHE- = = = = = = = = = = = = = = = = = = = = = _ 29
e Penetration of DDT into Poplar Wood.......... Ry TP . |
22 Reccvery of DDT at Various DepthS.ceesceesssnececcccarnenessa30
Effect of Solvent On Penetration..veeeeceeeeceeeeooneaesens s &35
Penetration of DDT intc Different WoodS....eevvveeeeeneeeinna33
Effect of Drop Size on PenetratiOneceeiecececeececes. . <35
SUAY Y e e eeeroeseanceannae § 0 0006 R 6 6wt B e et B 3 1 e e g 37
Deterioration of DDT Applied as a Residual SPray.............. Hee3B
Effect of Fly Activity in Causing Loss cf DDT Residual.......39
) )1 15) D o a8 06 8 I 6B R B8 18 S v e g e 8 ok 42
- RODENT AND ECTGPARASITE CUITROL BRANCH- — = = = = = = = = = =~ o = = = — — 43
Laboratory Insecticide and Acaricide Investigations,........ cee.. U3
Field Insecticide and Acaricide Investigations........... 5 A 47

Tests on the Feasibility cf Using Red Dye in DDT
Foruulations for the Ccntrol of Rat Fleas,
Laberatory Rodenticide StUdieSe..eveeeoeeeenennnnenn.. PR e S 50

Rodent Population StuUGIeS.....cieeeeeneroeennenenennnnnnnn. ..50

; Food Preferente Stullef. . coececisseesonissns ssnsssssssnsonns he
- Tests on Y1080M., . . veeernonnens T A s T 5 im0
Ratproofing Investigations. . ueee s e eeeeeneeaseccnnnneennnnnnnnes 95
Results....veveereeennn. wie + 35w 0 O K P e

ConclusionS......... N




IVSECTICIDE INVESTIGATICKFS BRAICH
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xylene emulsiocn,

on various types cf surface rmatirlasle were nreviously reported (Suzmary of

Activities Fo. 7, 3rd Quarter, 104c) for the initial 14 weeks after spray
application, These tests huve centinued over an S-month paried and the
ummary results are shown in table 1.
Panels wers sprayed with 200 umg, DDT per sq. ft, in all tests. The

DDT-xylene ewulsion was tested on thres general types of surfaces, namely:
Zxterior surfaces represcnted by rusty and new samples of bcoth shect metal
(4

and metal screen, cement, 4ary barboe, bark, and palmettc thatch; fabric

surfaces repreeented by rayon, nylon, and celansse; nnd interior surfaces

"

represented by tile. glass, plastics, and both shsilacked and waxed wecd.
o L R

’

The DDT-kerosenec sclution was tes:ed on pancls of new meta 1 screen,
rusty sheet metal, plexiglass, and green snd dry bambee., A single water-
“wettable powder was uscd tc formulate all teost suspensions, and tecsts

were made on new shect metal, glass, dry ~nd zZroin bamboc, tiles, bark,

palmettc thatch, and simulatced adobe, Plaln rine plywccd was used as a

standard surface in all studies.

In considering the results cbtained with the DDT-xylene emulsicn,




Table 1, Twenty-feur-hour mertalities (percent) cf adult A, quadrimaculetus females after 60—

minute expcsures tco 200 mg, DDT per squere foct from applicaticn cf different foermulaticns

cf DDT.
} . i n .@%@m of Spray
5qm~stMMMw@¢om : DIT-xylene Emulsicn Water-wettable DDOT w UUUIWowsmmmw wmwmmmp
: - 1 2 4 6 8 1 2 L G g |l 1 . A
___Type Surface { W
Pine plywcod 93 | 89 | 91 | 8L | 64 i 84 | - 62 |53 1 - llew| 78 ' 77 | 69
Dry_Beubco 96 | 93 | 100 | 90 | 8 |l 99 | 81 | 64 |98 | g0 |72 1 77 | 73 | &€
Husty Sheet Metal; gg ap §1 L 85 76 - N - - N | 77 o R 78
Rust; Metal Screen| 99 9% a9 ' 53 18 70 71 Yp 25 P S _ _
Bork - 50 g6 87 77 bU 54 g% 6& - ~ -
New Sheet Metal | &Y 79 6L 5l 57 gl gl 70 g8 70 -~ ~ -
Glnss Il il i (%] 70 ozl |- | - "
Tile (glazed) 76 72 | 77 | e+ {58 lgo | 78 {70 {76 | 6O - 1 - - T -
Paluettc Thotch | - L g2 75 77 64 | s4 ¢ ogg 68 W SR AR
Tew Met=l Screen | 98 50 79 46 28 | - - 3 -~ - 5 mw Wm mﬂl
Plexizless =0 mm 70 RO w¥ = . o - Hifiw.mw,A: 77 Nm .mr
Cerent 55 1 37 | 35 1 31 | - 56 | 81 j 8+ {90 | 58 ﬂ.- = i =
Mué - - - - - 12 4 N " " M . N I -
Green Bawubcc - - - » - ) 71 €3 90 g0 1 g0 70 ) 38
Shellacked Word = Nr 70 23 - = - b - e . . el
Wared Weed - 21 3T ] 1B - & . N - - | - R - =
Nylcn 79| 4 | 3 {6k T3 - | - T - - 7-—-1-1-1-
Raycn D78 | 58 | 54 | 45 | Wk | - - ~ - o M % ~ -
Celanese “ u7 39 46 65 1 39 = e _ N - _ e L -
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the surfaces were divided into thres groups: (1) The dry bamboc, rusty
sheet metal, rusty metal scrcern, and bark had residunl texicities egual
te or better than the steandird pliweods (2) the new sheet metal, glass,
tile and palmettc thatch were three- to four-fifths ae efficient as the

standard; d (3) the new metal gcreen, plexiglass, cement, nylon, rayon,

celanese, shellackeé wocd and waxcl weod were three-{ifths or less as

to note that all the gsurfeces in the first group
were relatively rousgh surfaces which might aid in giving a gocd spra

> & =3 > §e
coverage and adnerence., All of the second

gruvp, however, had very smocth

coentinucus surfaces which made it cifficult to ¢btain geed coverage as

the emulsion spray separated intc discrete drcplets. In the third grcup
t surfaces were either smcoth and discentinucus suck as the plastic

fadbrics and the new metal screen, or clse surfaces such as shellnc, wax,
cr plexiglass which wight be empcrarily scftened and penetrated by the
xylenc in the emulsicn, and later, upcn drying, trsp a pcriicn ¢f the DIT

Ay

belcw the surface. The lcw residunl effectiveness ci 1

‘,5

e spray applica-
ticn cn cement may well be due t¢ the high pceresity «f this surface,

The DDT-kercsene depcsits shcwed high effectiveness cn rusty sheet
metai, prrgressively less on pine plywe cd, dry bsmbce, and plexiglsss,
and inferior effectiveness ecn the green bambc~ ~nd new metal screen.,

The water—wettable DDT depcsits shewed definite supericrity tc the
DDT-xylene depcsits cn the abscrbent surface, ceient, and screwhat better

results ¢n the sucrth surfaces (f glass and new metal. The effectiveness
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of water—wettable DDT was less cn the plywocd, palmettc thatch, and cn the

dry and green bamboc, and definitely infericr cn-rusty metal screen, and

park surfaces. Iir residual effectivenecs was cbiained ¢n sinulated adcbe,

thcugh visual evidence indicated an adequate treatne

In additicn tc test
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frem ermulsicns,

scluticnsg and suspensicng of DDT, tests have been made cn DDT inccerperated

in wallpsper and paints during the preparatira ¢f these caterials. OUn the

basis ¢f the manufacturer's reccuamendaticns he experimental tests were

initiated tc evaluate a direct ccuparisrn between sauples cf the impregnated

wallpaper and o regular spray anpl -f 200 me. DOT per sq. ft. Chen-
P g

ical anelysis demcnstrated cnly 100 mg. IDT per sg. ft., in the lmpregnated

wallpaper and it has nct been ascertained if this amcunt of DIT represents
a linit ¢f DDT iupregnaticn in the wallpaper., Kemtcne water-paint was

wixed with water—wettable DDT pcwder sc as to cbtain depcsits cf 400, 800,

g

and 1600 mg. DDT per sguare foct, and with technical IDT tc rbtain depcsits

cf 200, 400, and 800 ug., DDOT per square frot as prelininary tests demen-

strated that lower ccncentraticns of DDT sc mixed had little residual ef-

fectiveness. These irpregnated paints were crupared with a standard DDT-

xylene e:rulsirn spplicaticn cf 200 ng. DDT per square fcet «n crdinary

Keiztcne paint.,

The wallpaper with impregnated DDT had cinsiderably less residual ef-

fectiveness than the manufacturer's asserticn and ccipared unfaverably to

crdinary wallp-per with a DDT spray applicatirn (table 2) Water-wettable

DDT pcwder incerpcrated in the Keutcne paint was less effective than the




Table 2. Twentv—frur-hecur ncrtalitiss (@ i) €L Adulh Temmle
) y D07 incrrporated

oA iTeecnl ot
A.o s drilmnsculAatus

in wAl.paper =nd paint and TDT =ppilied =8 a2n eimislcn gpray.

Type o Surface : ekt L :
7149 84 | &9 ¢ 3%
| i .

|
I

| b
no
—~!
(&
o
—d
n
(]

DDT in wallpnper

DDT cn wallpeper 200 58 1 98 g5 92 &9
. -
Water—wettanle L0 . D ¢ Eg g o) zZ
Water-wettable Woo | 2k | B& 3k 27 23
DDT % P
T £00 | 25 | bE | 30 2k 18
in EKeritone . o
t

200 41 L ¢ 4y 10 46

Technical
DDT 400 52 | BO | L4
in Kentcne

DDT ¢n Kemtcne 200 Th 50 | 65




technical DDT lnC(TD(“P+ud in the paint. DDT incrrpcrated in the Xeutcne
was nct as effective as a rezular DDT erxulsicn applicaticn applied to the
palnt as a spray.

The study «n the effect ¢f house-clenaning and maintenance cperaticns
upcn the deprsits cf DT on treated surfaces hns been described (Summary

g, laundering and

¢f Activities Fe, 7, 3rd Quarter, 1946) for dry-clean
ircning ¢f fabrics, This study was extended tc ccnsider the effects ¢cf
brushing and vacuwurning cver—-stuffed furniture, the gusting f wrcd and wall-
paper, and the use cf paste clemner rn wallpnper, and ¢f wax cn shellacked
weed and lincleun., As ceatrels, duplicate ssts «f panels were sprayed,
but did nct receive any surface nanipuinticns,

In a ccupariscn of three types of wanipulnticns «n mchalr, dry-

cleaning with nineral spirits had the acst effsct, brushing sci:ewhat less,

ness (table 3). The :wineral spirits, 2 sclvent fer DDT, readily renmcved
it frcm the fabric. Th: initial vacuw.ing c¢f “chair probably rewcved all
DDT nct firmly adhering tc the fabric and subsequent treatiients had little
effect in reducing residual tcxicity. Vigrrcus orushing, hcwever, mppAar-
ently re.cved .rre DDT each tine it was dine.

Dusting caused a gradual decresase in the residual tcxicity f DDT cn

shellacked wccd and wnllpaper. Paste wallpaper cleaner rapidly reucved

the DDT depcsit frem wallpaper.

.

Waxing pricr tc spray applicaticn greatly decreased the residunl ef-

fectiveness c¢f DDT sprays cn shellacked wrcd, but increased slightly the
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Type Surfade f Treatients
Surface Treatuent ‘ ! T .
0y 1213 4l516i71819 110
= MR TR
¥ene £ 86 | 88190 |91 g8 180 182 182 i3k | 72
| ™
Dry-clean 53127 | 8l ===t | = | —
Mchair
Brushing 72181 | 5313822 |23 | =~ == ==t~ | —
Vacuurzing 100177 | 7RI 173172 162 11 156 128 | 10
i Z
] s -0 T !
Shellacked None 70 1 50 3= === == = == = | -
Wood
Dusting 211G | 13— | == s s e deim ek | o=
Wene 69 |98 | 981995195 185 | 67 192 | 89 |— | —
Wallpaper Dusting 92 {77 | 53140 {38130 (24 132 |37 |— | -
Paste Cleancr| 86 | K79 38122 {13 ) eme jmm | o= | == |~ | —
Weed (plain) Nene 70150 | 37142 [ HO | = e o o | o2 =
L —~— NS ISP B U e
. None BLI 3T 1 BB 13 lae | o er joom Jomm | oo
Weod (waxed) —
Wax, Pclish 17113 | —|=— === = o | = | — | —=
Lincleun (plain)| Ncne T 3 b e fases b, e f—i Tasa fos o
Lincleun (waxed); Wax, Pelish | 15| 9 | = |om fom f— o I o | = | -
_ .




tcxicity of the DDT depesits on lincleun, In the case ¢f the weed, the
erulsicn apparently readily penetrated the wax and mcre DDT was lost be-
lcw the surfoce than in the case ¢f plain wecd. On the cther hand, in
the case ¢f the linclewrn, the waxed surface was mere lmpervicus tc the
ermulsion than that ¢f plain lincleus which has been shrwn te be readily

penetrated by DDI-xylene erulsicrn in previcus wirk, In bcth instances,

T 5 Bl s = . o A4 o
Labrratory Hruse Fly Contrcl Studies

The effectiveness «¢f deprsits ¢f 5C~, 100~, and 200-ug. DDT per

fer the initial

;-.

square fort against the himse fly hnve besn repcrte
22-week pericd after spray applicaticn ( Suncary ¢f Activities Ne., 7, 3rd
Quarter, 1946), A sumuary repcrt ¢f the results «f this experinent cver

s :

a ten—-rnths vsricd is ncew shown in table 4,

It is evident frcm these results (table 4} that satisfactcry kills
¢f the 1ale flies are (btnined in the laberatiry with all dcsages within
the range «f 50- tc 200~mg.vDDT per square foct; but fcr the nere resis-
tant female flies, the 50-ng. DDT per square fcct applicaticn was inade-
quate after twe menths, The deprsits of 200 ig. DDT per square fcct were
cnly slightly supericr tc¢ the depcsits cf 100 mg. per square foct at frur
Lrnths after spray applicaticn,

The residunl effectiveness cf Dycrre DDT-byprcduct crubinatirnsl/ was

l/ A prcduct of Hercules Pewder Cc., Wilingten, Delaware,




Table 4. Twenty-frur-hcur acrtalities (percent) ¢f adult hcuse
p . o = ~ 3 O e
flies after 30-ninute expcsure pericds tc £0-, 100-, and 200
rilligrans ¢ f DDT per square foct at indicated tares after
et graus f DDT

spray appliecaticn.

Tine , Sl heur Lortality (percent) froo
after ' DDT deprsits (zg. per sg. ft.)
. spraying 50 i 100 : EQO 0
(Months) 1 Ty ¢ om 1 F N

1 100 100 a7

1G0
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100 100

0
R

B 100 95 | 100

99 1 17 96 67 100 83
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ey square foot

Table 5. ent) cf adult ferale
M, doi : pericds tc deprsi
irn

at d=f1

) H
Dest T— : Age ~f Resicues (weeks)
LC XDOHBLT
P s ] e 8 ] i i
Insecticide Pericd : i il .
1 b g | 12 16 | 20 | 2k
= , P elarn St B,
b
- . - = { £ Yy =
2F5-percent 15 nmin, 35 1461 h5 I 65 T+ b 23
Dyccre i
30 nin, 39 199 93 1100 98 | 96 | 15
i
35-percent* 15 nin, i 36 | 2 94 1 96 ag 98 86
Dycero ?
! 30 nin, gy | 99 99 | 100 95 | 99 ! 100
= - . :
3E-percent** 15 nin. q9¢ | 98 97 100 gl 93 =
i Dvecerae o !
i R 20 nia, 1100 ! 94 94 100 100 | 100 | -
| . ‘ .

**Tested at 1, 2, 3, and 7 days during the first weelk,
being repcrted here.

cnly the 7th day



repcrted in relaticn tc A, quadrimsculatus nesquitces (Summary of Activi-

ties Nc. 8, Uth Qunrter, 104E)., The results with M. dcuestica as the test

insect can ncw be surmarized frr a 2l-weelr test pericd (table 5).

The Dyccre bypreducts, ~s orevicusly described, tend tc¢ rewaln as

super-saturated drrplets when deprsited in spray arplicaticns and shew

a low initi~l nortality. By the end cf the first twe wecks after spray

=y

applicaticn, hcwever, the residurl effectiveness the depreits showed

narked increase. The 35-percent-Dyccrc byprcduct has shown slight supe-
ricrity cver the 25-percent-Dycerc byprcduct when the twe insecticides
- are cuupared at equal rates «f applicaticn,

Ccuparative tests were made cn a series ¢f water-wettable DDT pewders,
ccntaining varying percentsges ¢f DDT and inert carrier, which were sup-
plied by varicus manufacturers, All powders were frrivlated tc give sprays
cintaining 5 percent DDT and were applisd and tested with depcosits ¢f 200
ng., DDT per square fcet, A standard DDT-xylene eiulsicn applicaticn was
utilized as a ccntrol, The results ¢f these tests (table 6) have been
ccded as tc ceruiercial nanufacturers but shcwed considerable variaticn
in the effectiveness of different brends «f water-wettable pcwders,

Crnparative Tests cf Scue Pctential Residual Insecticides
against Adult Flies and i sguitces

Labrratfry investigafirns were ade cn several, recently-develcped,
organic insecticides having residual trxicity tc determinc their relative

.

ffectiveness against A, gusdrisaculatus and M. deiestica, The insecticides
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o T

adult ferales after 15-nlnate expeoure pericds teo depesi

Table 6, Twenty—four-hour acrtalitics (percent) of M. doiestica
a ts
200 g, DDT per square foot froo varicus watsr-wettable DOT

suspensicns.

i Age Standard | canple Hulber :
- . Py T e \ e - v
L of Euulsirn | 1 2 | 2 ¢ L 1THE vh ( g
< ot e N Mo L I~ e ity e
Residues % P 2 P0% b R0% I B b Bo% B0 o 0%
. | = o o\, :
(weeks) | DDT aDT | DoT | e | Dor | oDor i Dor | Dop
o e -+ g
| S : o H o~ i
1 — ' :0 99 gt § 100 ; 100 | 100 | 2b !
1 100 20 ce ., 99 99 0¢ €3
. L -
' 18 99 9¢ ay 70
3§ = 7 % £
? 100 0¢ g7 i 100 | G9 99 96 08 an

O |~ O1 W
[
(@)
(@)
‘«\O
YO
D
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tested were xylene ermulsicns of DDT, benzene hexachleride (hexachlerceycle—

2. f
c

hexane), DDD, Cq,H:01ls, and ~ chlerinated crumhene applied at the rate

¢f 200 ung. per squrre foot on pine plywed,

s 1 and 2, the folleowling points night be en-
phasized: (1) Fer cqual expcsure perirds, the insceticides have the sane
general crder cf effertivensss against b th tort inszcts, The rnly pessi-

bls excepticn t: thi

A. guadrinaculatus,

—

the insecticides siw

iritial testing, but nc warked

hiuse fly, M. dcaestica, hewover, the inse

0,

break in effectiveness and a ropld drep in

ul

tain insecticides, frr exanple, DDD and the carphene apparently
have low initial texicity and rise to a maximu: efficlency several wesks

1& insecticides ~re alsc gquite differsnt
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in their initial trxicity tc¢ the twc insects.

ol

g/ Tcxaphene, a prrduet cf Hercules Prwder (ripany.
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Yigure 2@ Twenty-four-hour mortalitie rcent) of adult M. domestica after 30-minute exvosures at
rdicated intervals to devosits of 200 nZ. per square oot of various insecticides from a S-vercent
xylene emulsion apjlied to plywood surfaces.
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CONTRCL METHUDS AWD EVALUATICN BRANCH

X, D. QuarternanQ/, R. HE. LcCauley, W. C. Brker

W, Iathis, J. G. Gillespile
Hockweor: Contrel Investigaticns

Studies have been initiated tc test varicus cheuicals as heoclkwrr
larvicides focr the purpcse of develrping practical scil trezatiznt tech-

niques fcr use as aids tc¢ heckwori: contrel rperaticns, Werk during this
gquarter has been largely preliuinary, particular eurphnsis having been
directed tc¢ the develcpuent ¢f testing technigues, the.accurulaticn of
varicus naterials and cquipitent, and the prelininary testing of wnaterials,

Twe degs with heclwern. infseticns were cbtained from the lccal
g

pound and are being used as scurces cf heckworio eggs. The specles ¢f

Ancylcstena invelved has nct yet been deteriiined, but as both A, ecaninus
and A. braziliense are ccmmen in this area, either (r beth way be in-

volved., An effert will be made tc ¢btain pure cultures of A, braziliense
in these aniinals,

Labcratcry cultures ¢f larvae are (btained by wmixing feces froi in-
fected dcgs with sifted, hecat sterilized, sandy lcair placed in 7-inch
diaeter crystallizing dishes tc a depth ¢f 2 inches. After this prepa-
raticn has been allcwed tc stand fcr cne week (r lcenger, apparently fully
grown larvae are available,

The develcpiient ¢f a nethcd fcr cbtaining an even distributicn ¢f

3/ Repcrted for duty February 10, 1947,
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larvae cn the surface ¢f the culture dish was crnsidered impcrtant in

testing to deternine the radii of cf fuzigants. In an

effcrt tc achieve even distriputicn several nethrds ¢f distri-

he best results were ¢dtaingd by idxing

Lo 72
H
'._l
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3
;

buting the feces were

encuzh water with the fecnl unterial to render 1t seuifluid, after which

£+

it was arplied in sial

cne wesk in a rcci where the teuperature remaing cinstant at

In crder to take snell unifcri sauples cf infested s-il frein %}
culture dish, a device was designed and fabricated, cn the principle cof
a pest-hcle digging tocl, which was use

scil with a surface area 1/4 square inch and a depth of twc inches. In

.using this device, it was desirable tc take a series ¢f randcn sauples
at varicus distances from the pcint where the il funigant was injected.
Te facilitate this a netal disc was designed nnd made which contained

heles at apprepriate distances frou the center thrcugh which the sampler
cculd be thrust. The disc was marked in 10 ssgoents nwbered froo 1 tco
10. This device was then used in cinjuncticn with a teble ¢f randei nui-
bers, by turning it sc that the apprcpriate nw.ber coincided with a uark
arbitrarily placed on the edge cf the culture dish, the saiple being teken

thrcugh a hole at the desired distance from the center,

In extracting heckweri: 1Iarvae froo saiples taken as described =2bcve,

a Baeruann apparatus was used, Tests were .iade te deter.ine the ancunt of
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water which sheuld be drawn frem this apparatus in crder tr reccver all
1arvac prescnt, It was feuond that the first 25 cc, of water usually con-—
tained 90 perccnt or nere ¢f the larvee presont, whilec fcr prrctical pur-
prses a drawing cf 38 - U0 ce. woenld recover all larvae,

. Prelicinary tests were made by treating culturcs with varicus chei—

cal preparaticns accerding to the recriaendntisns for s il nenatcde con-
tr.l ¢f the respsctive uanufrcturers, T date, tests have been started
with dichlerepr: pane-Gichilercpropylens, pethyl brooide, ethylene dibreuide,
and caleiw: eyan=a.ids., The first «f these, D-D, caused the elicinaticn

of all larvae within U4 dnays after treati.ent but is probably toc texic for

general use. Results tc date with methyl breos
Ethylene dibrciide caussd a considerabls reducticn but failed to preduce

a tetal kill of woras. Tests with caleiun cyananzide suggest that this
raterial nay be (f value, ailthrugh rmuch additicnal data is needed, Initial
tests with this. chemical have nct been entirely satisfactcry, pcssibly due
tc its slcw acticn. In general, ncne ¢f these naterials have been tested

sufficiently to fer: a basis fcr crnclusicns,




EVATTJATICY OF THERLAL-AERUSUL FUG GEIERATUR

A5 AN AﬂfAdAWuJ FoR APPLYING RrSIDUAL SPRAY

Equipiient Develrpuent, Cheriicsl Investignticns, Insecticide
Investigatirns, and Centrcl Liethids and Evaluaticn
Branches

During recent mcnths crusidernble publicity has becn given through—
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cut the ccuntry tc the use ¢f therial-sercscl frg genora ~s an effec-

tive neans of applying a space trentient c¢f insecticide fcr crntrelling

insect pests in recreaticn areas, (n gardege dunps, ¢a livestock, in
erchards, ¢n field creps, and in buildings., Ficld de.icnstraticns of its

&

use in treating buildings resulted in a few reguests fcr adcpting this

7,

nethed fer treating heuies on the extended malaria contril pregram, al-

i

|,-l-
[
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thcugh ne factual data were awnilable as t¢ the residual gualities cf

the treatuent. In liarch, an cprcrtunity was cpen tc evaluate this equip-

&

nent with respect tc the residusl qualities cbtained.

Zquipuent:

The applicat«r&/ cipleyed in the field tests ccnsisted essentially
.of the fcllewing: a ccopact cobusticn chaiber with pcsitive-displace-
Lent-type air-puip t¢ previde a gasecus product cf 500° =, tenperature
_at the discharge nczzle, a vane type scluticn pup with netering valve

t¢ regulate the flrw cf insecticide tc the discharge nczzle, a 6 h.p.

gascline engine tc drive the pups, = 1l2-galicn c=apacity gascline tank,

—_—

| - - . - A 2 3 1
4/ Tcad Insecticidal Fre Applicater, manufactured by the Tcdd Shipyards
Ccrp., NWew York.




sucticn and return hose for scluticn, scluticn tank and necessary acces—
S I‘ies .
The gascline engine was cperated at 2450 r.p.ii. s¢ as tc (btain 135

corbusticn with an cutlst teuperature of 900

+
-
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H

scluticn pressure was adjusted for 25 psi during the tests and the neter—
ing valve set tc provide the desired rate ¢f digcharge «f insecticide,

The gascline pressure frr the cribusticn chatbsr was naintained at 50 psi,
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The fuel rate during cratinurus cpe

hour.

)

The scluticn-pusp capacity was abrut 4 gpr with pressures up tr 50

8]

+

psi. A valve outlet for enabling use cf the punp frr straight pressure

uns was inccrperated in

0]

spraying by means of standard hcse and spray
the unit. Satisfactcry supply for twe spray zuns was cbtained in a test
¢f this phase of the equipnent.

The fcg dreplet size wﬁs regulated by adjusting the flow of insecti-

:d by the meachine when the

i

cide t¢ the discharge nczzle., The fcg prcduc

(¢

rate ¢f flcw ¢f the insecticide was 10 gallens per hcur, was described
by the manufacturer as a "dry" fcg, having an average particle size frenm

1 tc 5 picrems; ~n "internediate" fog with particle size frcm 20 te 30

)]

nicrens wculd be prrduced by increasing the rate of flow of insecticide

]

[

te 30 gallens per heur; nnd a "wet" fcg having = particle size frem 50

tc 60 micrens weuld be secured ty on insecticide flow cf 40 gallens per

heur, The figures cn rarticle sizes supplied by the Danufacturers: were

based rn kercsene as a sclvent.
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The nachine cperated fairly well during the test., Hcwever, the
netering valve perfcrued erratinrally during fernaticn of the "ary" feg.
¢legzing ¢f the valve ¢courred severnal tives when set At the 10 gph rate.
the ccrbusticn chauber had

tc be cleaned during test and it wog necessary t¢ clean the filter fer

be
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the air pwip tr wzaintain satl

¢
steppred cn (ne cccasicn e re-prise the scluticn paup.

Testing Precedures:

Uncccupied housing units of et norete bleck constructicn were treated

5’

in the field tests. These units ad cecent Tlrrrs; the intericr ccncrete

+

blcck walls had been painted with weter paints scveral years previcusly;
and the ceilingzs were of plaster wallbcard. Ths bedrceis ¢f these unilts
were of uwmifern size, which weuld pernit ce.parative evaluaticns cf the
treatrents, which were spplied tc single bedrccis cnly, thres-rcciz units

and five-rccr units. Evatuaticns cf the treatients were wade (nly in the

‘_.I

bedreeons. The single fyprns were expected tc revea the ability ¢f the
nachine tc apply A residual treatment in the rocu intc which the insecti-
cide was actually discharged, while the bedrrcrs ¢f the thres— and five-
roem units weuld indicate the residurl which night result in recus adja-
cent tc the cne intc which the insecticide was discharged.

The three-rccm units consisted ¢f A rmain roen, which was subdivided
by partial partiticns b ferr: a bathrocn:, kitchen and living reci, and a

bedrccr which adjeined the living rofii During treatiert, all intericr

decrs were left cpen and all extericr dorrs and windrws were kept clcsed,




except cne windcw ¢f the living rccn through which the fcg was discharged
jptc the unit, This windcw was partially cpen during treatiient and was
closed inmnediately fcllewing treatnent.

The five-r:cm units were sinilar tc the three-roon units, except

that three bedrccus adjrined the living rocr, twe cn cne side and cne rn

the cther. Treatrcnt of these five-rccr units wns applied thrrugh rne cf
the living rcorn windews, as described =bcve fer the three—rociz units,

Twe ¢f each cf the cne-re~un units, three-rcci units, and five-rocn
wnits, were treated with the "dry" fcg, twe cf each were treated with
E | the "wet! fcg, and two three-rcci units were treated with the "internzediate"
fcg., A 10 percent concentrate ¢f DDT in a rixture of kercsene and xylene
was used. The ancunt ¢f insecticide discharged intc each unlt was suffi-
cient tc apply apprcxinately 200 ng. cf DDT per square fcet of exposed
surface area, including walls, flccrs and ceilings, if the naterizl were
unifcrnly distributed ever all surfaces. The accunt «f insecticide dis-
Eharged intc each unit was first calculated c¢n the basis cf the cutput cof
the rachine and the tine ¢f cperaticn., In each instance this was checked
by neasuring the ccntents ¢f the insecticide tank, hcwever, =and, whenever
necessary because cf nechanical difficulties enccuntered, additicnal nate-
rial was applied tc bring up the aucunt of insecticide used tc¢ the ccrrect
quantity. Each ¢f the treatcd units was kept clcsed fer twe hours frllow—

ing trestument, after which they were cpened and aerated. In mcst instances,

the fcg had largely dissipated befcre the units were cpened.

Three different types c¢f evaluaticns cf the residues applied by the




pachine were planned: (1) cheidirally by quantitative analyses, (2) bicleg-

jeally by labcratory expesare f adult heuse fliss (imeca Coie

panels expcscd in the bedrc ns duriug treatient, and (%) biclegically by

weviatus, inte

£ ingsecisry-rearcd o sguitces,

~

ths reclease

the treated bedrcoiis,

Chewnical Evsliuaticn
Prccedure:
The dcsage «f DDT depcsited r~n the walls, ceilings, and flcers cf
the hcusing units tested wns deternined by ccllecting the DDT-cil droplets

en cearse filter paper. The filter peper, which was cut intc 7" x 6!

=

strips, was attachsd tc the walls, ceilings, and flccrs v 7ith nasking tape.
Five samples were taken from each wall, ceiling, and flcer, and each
ccubined as cne for purpeses of analyses, After twe hours of expesure,
the strips of paper were remcved and were trinaed ic e x 6", s¢ that an
area cf 1.25 square feet was sampled frr each wall, ceiling, and flccr.

The DDT cn the filter paper was extracted with benzene fcr twe hours
in a Scxhlet extractcr., The extracted DDT was then diluted t¢ 100 nilli-
liters in a vclwsetric flask, and aliquet perticns were taken for analyses,
The prccedure used fcr annlysis of DDT was a cclcrimetric precedure based

upcn nitratirn of DDT and additicn of scdium-uethylate tc develcp the crler,

Results:

The depcsiticn ¢f DDT cn the walls, ceilings, and flcuers ¢f the vari-

cus units treated are swiarized in table 7, By far the greatest wall
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rec(very wAas cbtained in the single rccus which received the fcg directly.
In these roous, better rencvery ¢f DDT was (Dbtn ~ined with the wet frg than
5 3

with the dry frg. In recizs which wers treated indirectly, iuch less DDT

was reccvered freu the walls and little difference ccuid be detected be—

tween the wet and dry fegs. 1t 1s nr tew rthy the% in nll cases, the
flccr received the uajoerity of ths applied IDT The ass cedlan dianeter

was & wicrcuns for the dry fug and 30 niecrons fer the wet fog.

Cosrse f1 pape el iy " yx 12", were exptsed 1n the bed-

crience

()

TOLLs Cn treatient, Previcus
has shown that filter prpsr can he expected to give results rcughly con-
parable t¢ weed sancls. One panel was exprsed on each cf the feur walls

of the bedrccns and four panels were expcsed cn.the ceilings of each bed-

he five-rocm units, where the celling panels
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were nct placed in the bedrcrus, but in the main living-rcca part of the
unit in direct line ¢f the discharge of the rachine., The ceiling penels
in the main living reci were intreduced te test the effestiveness cf the
generater in deprsiting residues at a distence of 30 ft, in direct line

fren the cutlet. This was the paxivum éirect line distance available in
the experivental plan., After twr neurs of expesure in the treated units,

these panels were reucved and inserted intc a woeden frausewcrk tc fcrn a

~
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quare foct ¢f treated surface area.

labrretory exposure chanber havin

o
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panels froo the walls of each recn were used %« 11ake cne chriiber

ed Insectary-rerred adult

anrther

ceilling were us

Table & swuiiarizes the results (btained in the leb ratcry tests with

the pansls expcrsed in the rocns during treotient. Apprecimble mertalities

cutlet and received a heavy spplicaticn as sufficlient fcg for the entire
B-rceii unit was adizinistsred through a single windew, The ceilings cof the
bedrcens of the 3 and H-reca: units sheuld be clesely cnhpﬂr?blel since
they were abcut the saue distance frei and in the sauie relative pesitiéns
tc the machine. The residues from the "wet" fog agpenr tc be screwhat
bétter than thrse freir the "dry" feog treatiosnt,” In naking the sscond

o

check three weels after treatient, the 15-minute exprsure was cuitted with

1

these pancls which had given no ucrtaiity in the check made cne week after

Additicnal checks are planned c¢n these panels which prcduced sigrifi-

cant :i¢crtalitics in the three—-week check,
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Field Biclogirnl Evaluvations

Low temperatures have prevented the Tfield evaluation of the treated

roons with insectary-rearcd acult mecquitoes, A, quAdriiacuistus.,

e

relenses will be wmade as sccn as weather sendibions porody,

Chenical analyses and initial laboratery biological tects indicate

that appreciable tuxic residuss are applied by this fog generating umachine

directly discharged and
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that these residuss are caly 10 t¢ 15 percent as heavy as those which

would be obtained with a regular hand sprayer application using the sane

o wantity of insecticide. The residues
¥ q' ¢

of roous adjacent to and openin

vas discharged, were extreunely low, averaging less than 10 wg, of DDT per

square foot,

- The finé particle size and thorcugh penetration ¢f the fog into all
eracks and crevices indicate that the nachine wculd undcubtedly be very
effective for applying indccr space treatments for inmediate insect kills,
While no tests were nade on the treatuent f cutdoer spaces, 1t appears
that this machine would function as well as other =ercscl generating equip-

‘ment, but wculd be subject tc¢ abeut the sause limitations, In suunation,

4

the prelininary results obtained by cheizical analyses and laberatcery bio-
logical tests indicate that this machine is nct as satisfactcry as hand
Spraying fer applying a residuml house treatient. Further verificaticn by

leld biclosical fests will be uwade when weather cenditicns are faverable
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Low terperatures have prevented the field evaluation of -the treated

ooms with insectary-renred Adult mooouitoes, A, nuadricaculetus. These
I' o l___ ¢

relenses will be nade as soen as weather condi iticns ps
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Chenical anaiyses and initial laboratery biological tects indicate
that appreciable tuxic residues are appiied by this fog gensrating machine
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painly in the rco: into which the insectici

that these resicdues nre cnly 10 tc 15 percent as heavy as these which

&/ o

ing the sale

wculd be ©b

and cellings

of roous adjacent to =znd Opening intc the roou irnto which the insecticide
wvas discharged, were extreuely low, averaging less than 10 ng, of DDT per
square foot,

- The fine particle size and thorcugh penetration of the fog into all
eracks and crevices indicate that the nachine would undcubtedly be very
effective for applying indeocr space treatments for immediate insect kills,
While no tests were nade on the treatment ¢f cutdoer spaces, it appeafs
that this machine would function as well as other nmercscl generating equip-
nent, dbut wculd be Subject t¢ abcut the sane limitations, In swmaticon,
the prelirinary results obtained by chemical analyses and laberatcery bio-
logical tests indicate that this rmachine is not as satisfactcry as hand

spraying fcr apply residusl house treatient, Further verificaticn by

F,
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Tield biclagical tests will be aade wiaen weather cenditicns are faverable

fer sueh works




CHTIICAL IFVESTIGATIONS BRAVCH

W. R. Schnitz, L. 3. Gee

L e - mo3 B " e W v Fl
Penetraticn of DDT isto Poprar WOCG

, USyrary of Activities" Wo. &, the effsct c¢f ccncentration of DDT

in sclutien or emulsicn on the penetraticn of DIT 1ntc peplar-weod surfaces

was repcerted. The resulte given fcr the peretraticn ¢f a J-percent- and a

10apercent~DDT crlsirn are in errcr. A4 DDT cencentrate was wislabeled,

and ccnsequently, the 7-percent- and 10-pereent-DDT ciulsicns prepared fron

this cuncentrate did nct have the required amcunt cf DDT.
mhe reccvery rf DDT at sbrut 0,001 inch nf the tcp surface shruld have

been 41 nercent and at aboub 0.006 inch ¢f the tcp surface 65 perceat for

(9]

the J~percent-DDT ermlsicn as cerpared t¢ 50 percent At abcut 0,001 ¢f an

inch and 80 percent at abcut 0,006 ¢f an inch fer the 10-percent-DDT ermul-
p P

siun,

sicns that were ucre ccncentrated

In general, DDT scliutions and erml

gave better reccvery of DDT ~t abcut 0.001 ~nd 0,0C6 of an inch cof the tep

Particu—

P a]

surface than did the less ccrcentrated scluticns and emlsicns,
larly geecd recevery cof DDT was rbiained with the 10-percent-DDT ermlsicen,

er squarc foct, the

k3

but at the applicaticn rate of 200 nilligrois ¢f DIT
velunie of ermlsicn was not sufficient to give gccd ecverage ¢ f the surface,
ers of liquid per square fect gave the best cov-

On peplar weed, 4 millilit

erage witheut danger ¢f "run—cff.'
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pecovery ¢f IDT at varirus depths in peplar weed
—

The penetraticn of H percent DLT in kerrsene and 5 percent DDT in
emulsicn te¢ varicus depths of peplar werd wAas deteriired tc provide a
ctandard for cther tests crnducted. Pcplar wocd panels, 3t x 12", were
rate of 50 nilligrams of DDT per pansl,

1v 0.001, 0.C06, 0,010, 0,025, and 0.040 ¢f an inch of the
tcp gurface was remcved. The acunt f DDT recovered from gach depth is
shown graphically in figure 3. From the graph, 1t 1s apparent that after
abeut 0,010 cf an inch cf the top surface hns been rencved, A straight
1ine relaticrnship exists between the reccvery cf DDT and the depth to
which the IDT penetrates. It was necessary te rencve abcut 1/8 of an inch
of the tcp surface tr insure crriplete recovery ¢f DDTa Better reccvery of
DDT was cbtained at each depth frem the erulsicon than frem the kercsene
scluticn,

A11 DOT which penetrated further than 0.001 cf an inch cf the trp
surface was prcbably of nc value biclcgically. Within 0.001 cf an inch
of the tcp surface, the euulsicn depesited about 38 percent ¢f the applied
DDT and the kercscne scluticn depcsited abcut 30 percsnt of the applied
DDT. Better reccvery of DDT frci the eimulsicn was prssibly due to a ncre

rapid rate cf DDT crystallizaticn frow the erulsirn than froi the kercsene

scluticn, The recevery ¢f DDT at varicus depths cf peplar weed is swirma-

rized in teble 9.




28}
)
9
a
®
~
e
Fo)
=N
w]
I}
=]
Loy
o
®
=
Q
o
ot
<t
~

e e e b
e et
NS

oo 5% DDT Epulsion

—— - = 55 DIT in Kerosene

0 .00k

Figure 3.

.016 .020 Ropll! .028 .032

Depth of Wood (inches)

wm5mﬁuwﬁwoﬁ of DDT into ponlar wood when anvlied at the
rate of 200 miligrams per square foot,
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tive reccvery of DDT at varirus depths
h hed peen treated at the rate of =00
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5% DDT Brulsion

’

0.001 + 0,0005

0.006 + 0.001

0.010 + 0.001 ! 65% 1%

0.025 + 0.001 ;

0,040 + 0,001 | 74 8%

Nrte: Percentages are besed uprn the arncunt of DDT thecreticall
= T: y

spplied.
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Effect ¢f Sclvent ¢n Penetraticn v D

The peneiraticn ¢r IIT with varicus pracvical sclvents was deternined

at abcut 0,001 =nd 0,006 c¢f an inch of the tcp surface cf prplar weed., A

DT concentrate was firsy prepared accerding to the fcllewing formmlas 35
graus ¢f DDT, 2 milliliters cf an 00}, and sufficient

sclvent tc meke a total volw.e of 100 illilitere, On & volw:e basils, cne
part of the concentrate was diluted with six prrts of water and a Hh-percent-

DDT ermulsirn was prepared, Each panel was sproyed with cne milliliter of

Gf the solvents tested, xylene, which was the mcst velatile, gave the
9 9 9 o

¢!

best recovery of DDT at bcth 0,001 anc 0,006 ¢f an inch ¢f the top surface.
5 P

Xylene, cyclchexancne, and 3¢lvessc #2 can be griuped as rcughly four tioes
macre velatile than tetralin, Pﬁ-jﬁﬂvﬁ, and Velsiccl AR-BO. The average re-

covery of DDT frcwm the sore volatile group of sclvents was 32 percent ab
abcut 0,001 «f an inch and 62 percent abeut 0,006 cf an inch as ccupared
tc an average reccvery of DDT of 25 percernt at abcut 0,001 ¢f an inch and
40 percent at abcut 0,006 ¢f an inch fer the less velatile group cf srlventS.‘
Althcugh tetralin and §£l:ii§5_ﬁ2 were excepticns, there was an indication
that the ncre velatile the scolvent, the better reccvefy ¢f DDT that cculd

be expected at the tcp surface., The reccvery ¢f DDT frrx different sclvents

is swiarized in table 10,

Penetraticn of DDT intc Different Weceds

The venetraticn of DIT in a kercsene scluticn containing ercent DDT
I g r

and 2 B-percent—DDT emulsicn was detercined at about 0,001 and 0,006 of an




Table 10, Recovery ©
wnich had been trea
foot,.

o+ Fh

-y

A7

solvents on poplar wood

of DDT per square

Depth of poplar woecd removed, inches

Solvent used.in 5% DDT |
S 0.001 + 0,0005 0.006 + 0.001

Xylene 38% 73%
Tetralin 35% 47%
Cyclohexanone 31% 58%
Solvesso #2 27% 56%
PD-5L4-C 23% 39%
Velsicol AR-50 16% 5%

Yote: Percentages are based upon the arount of DDT theoretically

applied.
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jneh of the top surface of various woods., All of the woods had been air-
aried, and prcbably contained about 12 percent molsiture. Pancls of white

oak, longleaf pine, red gum, yellow poplar, a 1ight-welght ash, Southern

ved with 50 milli-

cypress, and white pine were prepared and each was
grans of DDT, The wooas 1icted above are in decreasing order of hercness
and s;ecific'gruvity, witl white oak rorc than twice as hard and heavy as
hite pine. The number of growth rings per inch varied frow 18 for long-

leaf pine to § for ash.

inch for the kercsene scliuvtion containing b percent DIT ~s
h and 70 percent at about 0,000 cf an

The recovery of DIT from different

woods is sumsarized in table 11,

Effect of Drop Size cn Penetraticn of DDT intc Poplar Weed

o —— 4 S i

The effect of drcp size cn the penetraticn of DDT was tested by spray-
ing drops with a mass nedian dianeter «f 100 microns and pipetting drops

with a nass nedian diaceter of 3000 nmicrons. 2he! of poplar wood were

treated with 5 percent DDT in kerosene and B percent DDT in emulsion at

pilligrams of DDT per pamnel, - pvenetraticn of DDT at
about 0.001 and C.006 of an inch of the 1o rface was determined,

The recovery of DDT from dreps having a nass edian dianeter of 100




Table 11,

of an inch

cf the top surface of different woeds treated
at the rate f 200 mg., of TDT rer sgun ;
5% DDT in Kercsene 7% IDT Enxulsion

Type cf Wocd
0.001"+0.,0005"

|
i
!
i

o.oo6nio.001"

0.00L"+0.C005"| 0.006M+0.C01"

ey s a Pt I e

White Cak 21% 57% le 72%
5 / e et

Lengleaf Pine 17% 32% 385 67%

Red Gu 349,

o

¢
5%

Yellow Poplar 30%

339 73%

Ash 2%% | Lesw 72%
Scuthern f 1 ' .

Cypress 17% g L0% 1% Tu%
White Pine 31% ; 61% i 29% 67%

Percentages are ba
applied.

Ncte:

ancunt of I

thecretically
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aicrans was essentially the saie as frcu dreps having a nass uedian dlaueter
of 3000 uicrcns, When a2 Fepercent-DDT scluticn cr eunulsicn was applied at
the rate ¢f 50 nilligraus of DIT per nanel, A ccntinucus fili was prcduced
on the surface. Since the dreps scTn ran tcgether after hitting the sur-

The reccvery of DDT

face, the size of the appliled drcp had little uear

Teble 12, Effect of drep size cn recovery of DDT at abcut 0.001 and
0.006 ¢f an inch of the tcp surface £ poplar woad which had been

treated at the rats «f 200 mg. ¢f DDT per sqguare foct.

s b % DDT in Kercsene i % Erulisic
Mass nedian diancter 5% DDT in Kercsene , 5% DDT ulsicn

c¢f drops, micrens

0.001"+0.0005"} 0.006"+0.001" 0.001"+0.6005"} 0.006"+0.001"

q

B
100 L 30% I 6% 354 754
3000 5 S B - 6 | 798

Ncte: Percentages are based upcn the ancunt cf DOT thecretically applied.

Surnary

The peﬁetration of a kercsens scluticn Ctntéining 5 percent DDT and a
H~percent-DDT eiulsicn was determined at varicus depths in peplar weed,  Ap-
proxinately 30 percent ¢f the DOT applied from 2 kercsene scluticn was within
0.001 ¢f an inch of the tcp surface as cuipared tc abcut 38 percent of the
DDT applied from a Xylene emulsicn, It was necessary tr rencve abcut 1/8 of
an inch «f the top surface cf pcplar wood b insure ccrplete recovery cf DIDT.

The sclvent used tc nake a DDT erulsicn affected the pénetration cf DDT

intc poplar wcod. Generally, better reccvery of DDT was cbtained with the
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rere velatile group of sclvents. Of the sclvents tested, a xylene erulsicn

gave the best recovery cf DDT.

Arplied at the rate of 200 milligrauis of DDT per square foct, an in-
crease in ccncentraticn of DDT in a scluticn or an ermlsicn gave better
reccvery of DDT. However, a H-percent-DDT scluticn or emulsicn gave better
coverage f poplar weod surfaces.

The penetraticn cf A kercsene scluticn ecntaining 5 percent DDT and
a 5-percent-IDT eiuisicn was Gfeteriiined on varicus weods, There was
1ittle ccrrelaticn between the physical preperties ¢f the weod and the
reccvery cf DDT.

The drcp size ¢f the applied DDT scluticn cr eculsicn had little ef-
fect ¢n the penetraticn of DT intc peplar wecd,

Peplar wced which had been srrayed with watef, and after 15 ninutes
was sprayed with DDT, gzave better recrvery of DDT than dry prplar weed,

In a1l tests, better reccvery «f DDT was cbtained frcr 5 percent DDT

in a xylene eiulsicn than fron 5 percent DDT in kercsene sclution, g
Detericration ¢f DDT Apprlied as a Residual Spray

.The effect of factcrs such as temperature, ultra-viclet light,. flak-
ing, cleaning‘of surface, and hwidity cn detericraticn of DDT has been
previcusly repcrted in "Surnary of Activities" Vo, 65, 7, and 8, The
fellewing secticn on the effect ¢f fly activity in causing loss of DDT
ccneludes this investigaticn of factcrs causing detericraticn of DDT,

All techniques enployed have previcusly been repcrted.
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pffect of Fly Activity in Causing T.oss of NIT Residual

The effect of fly ity in causing ineffeective-

]

ness of DDT was tested to deternine if lies had actually removed the DDT
or whether the DDT was nasked, Panels of glass, peper, and wood surfaces
were sprayed with 5 percent DDT in kerossne and B percent DDT in erulsion
at the rate of RO nilligrams of DDT per pancl. A stondardized technique
was used to test the flies against the treated surfaces. The possibility
that flies remove DDT was tested and reported previously, dut is suwiuarized
in the following pnragraph to give a better picture of the effect of flies
on DDT.

In order to determine if flieg rewove DDT from trcated surfaces, two
series of identicel type pancls were prepsred. Series A, during a four-
rnonth period of tiue, was given twenty- 60-minute exposures 1o approxinately
100 flies. The toxicity of each surface at the start was very good, but
the toxicity at the end of the four umonths was Very poeor, excent oﬁ erulsion—
wood type panels., Series B was ha dled in exactly the saue manner as series
A, except that no flies were exposed to series B, Panels similar to series
B were highly toxic after six months, At the end of four wmonths, the DDT
was renoved from all panels in both series.. The difference in amount of
DDT on corresponding panels in series A and B was not significant, except
on the kerossne-glass panels., The amount of DT which was recovered from

= toxicity if the saue

each type rnnel was sufficient to have given ¥

arount of DDT had been freshly arplied. These results showed that flies

did not re.ove any significant anount of DDT, and that the aiount of DDT
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which was left should have been highly toxiz, if the DDT was available for
contact by the flies,

The above results indieated thnt DDT night be nasked 1in sonme way,

0

Three series of identical type panels were prepared. Sories C was left

uncovered in the laboratory for six ronths so tha

settle on each pansgl. Series D and B, which were

covered with a heavy grade of in such a manntr thaf ohé COVers were

about 1/2 inch from the surface of the
pletely sealed aleng the edges and back with scotch tape. These two series,
which were relatively free from dust, were placed in a laboratory desk for
six months. At the end of six months, the paneis in seriss C, D, and E
were tested for toxicity to flies. Triplicate 1l5-minute exposure periods
showed no significant difference in toxicity between corresponding panels
in series ¢, D, and E. The twenty-four hour ortality was essentially 100

crcent for all types of panels except the ermulsion-glass and the kerosene—
p K P P

paper. The DDT was.renoved from each pan2l and the amount of DDT on corre-

sponding panels in series C, D, and E was nct significantly different,
These results showed that DOT was not masked sufficiently by dust, dirt,

or chemical nmeans in the laberatory to cause low toxicity,; but rather that

tne flies caused masking of DDT, possidly by gefecation, regurgitation,

etc. However, it has been previously shown that grease from kitchens

caunses decreased effectiveness,

These results, which are sunmarized in table 13, show that flies do

not renove any significant amcunt of DDT from treated surfaces, but that

|—_]

flies therselves cause nasking of DDI
£




Table 13, Effect of fly Azﬁmm.w Q.o:mmdwmlw.v activity in causing loss of effectiveness of DDT when applied
at tle rate of 200 ng, per square foot,.

Descrirtion of Tests

ie
cxposures of approxi-
1 f

es A, Twenty 60-min,

e lies. Anal-
yscs at the end of four
5

, except there were no
Hwamdmu@.

Series C, Panels were
left vwrcovered in the
laboratory for six
nonths so thnt dust
and dirt would settle
on each one,

Scries D, Pancls were
covered with paper for
six rorths and were
relatively clean,

Series E. Duplicate
of series D.

DDT in Kerosene DDT Erulsion
Wood lass Paper
Recowv- Mor- kor— mocoﬁuw ¥or—| Recov-
ery tal— tal- 2ft tel-lery
DDT ity iy | ity | TOT
\ ',
16% 03% 1%
% 26% 1% od
s mmo\ﬂ 97% i
jé
!
. = Ny !
o o i 4
rtm /9 < _ “ 3
100% 3% |29t
- m Aww
M
sz i _
55% 3 m &5%
100% 35% 98%
o
o 98
52% 777
0 _ l;\i.%w 1 e
99% | 355 b

2, Percentage recovery of DDT is based upon the anount

Notes: 1, HMortality figures refer to the 2l-hour nortality of

. o e

T T

fzrales after a 15-ninute exposure pe

of DDT theoreticall
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Summary
PO T

Some factors causing the deterioration of DDT applied at the rate of
200 milligrams per square foot from ecither a kerosene solution or an emul-
sion containing 5 percent of DT, has been ascertained on glass, paper,
and wood surfaces.

Of the factors investigated, temperatures of about 140° Fahrenheit

caused the greatest loss of DDT by both volatilization and decvmposition

of the applied DDT.

Although house flies (Musca domestica) did not remove DDT in signifi-

cant amounts, the flies rendered residual deposits ineffective. DDT was
not masked sufficiently under laboratory conditions by dust, dirt, or
chemical means in six months to cause low toxicity to flies, but DDT was
probably masked by defecation, regurgitation, etc., of flies,

Such factors as ultra~violet light, flaking, limited cleaning of

most surfaces, and huridity are indicated by these tests %o be of minor

inportance in causing deterioration of residual cdeposits of DDT.
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RODENT AFD ECTUPARASITE CCFTRCL BRANCH

¢. M. Tarzwell, P. A. Woke, T. B. Galnes, J. G. heWilliams

Laboratory Insecticide and Acaricide Investigations

The search for a satisfactory acariclde has been continued. Tests

have been made with several new materinls in the forr. of dusts to deter-

mite Linchy

bt

Yo
im

aine their value for the control of the tropical rat S

pacoti. Results fror. laboratory tests witl DDT indicate that this nate—
e e

rial does not appear to have practical value for the control of nature
nyophs and adults of this species. Tests were iade by directly exposing

the various stages cf the nite to pure DDT and to mixtures of 10 or 20

percent DDT in pyrophyllite for periods of 30 ninutes to 2 hours. Test

surfaces were covered with 200 or 500 zilligrass of the material per

square foot., Net kills at o4, 48 and 72 hours after exposure were generally

under 25 percent, The occasionaly higher kills obtained, probably resulted

fron particularly susceptible mites. Since DDT is very effective against

fleas, it might be desirable to coubine it with a better acaricide for the

control of rodent ectoparasites.

__.Sulphur: Sulphur has shown sone proniise for the control of the trop—

ical rat nmite., Xills of lar&%é,Amature nyrphs and adults after 30 minute

exposures tc sulphur dusted at the rate of 500 nilligrans per square foot :

heve been as high as 97 percent. Results of labcratory. tests with sulphur

are sumoarized in table 14, These results justify further studies with

sulphur at various concentrations.
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Table 14, Net kills of Liponyssus bacoti secured by 30-ninute
exposure to surfaces dusted at the rate of 500 g, of sulphur
per square :foot,

]
Stage of g Nusber of | Avernge Effective Kills nt Stated Intervals
bites i Tests I 24 hours | 48 hours . 72 hours
! % 3
Larvae 3 ;’ Lgd - 2 97%
Mature Nynphs} g ‘ %
and Adults | b : 61% f 70% ; 9%

Bengzene hexachloride: Continued tests with benzene hexachloride

(hexachlorocyclohexane) using nature nyuphs and adult ites have given
varying results. This variatiocn appears to be clossly related to terpera-
ture and the conditions of exposure indicating that kills nay be largely

due to a fuiigant action,

Anthracene: Anthracene was conbined with pyrophyllite tc form a dust
nixture containing 20 percent c¢f the foriier, This iixture was ground for
2 hours in a ball 1:ill to secure a suitable dust. Tests with this dust
using the standard technique resulted in net kills of 56 and 83 percent

at 24 and 48 hours, respectively, after exposure,

Hydroxyrethyl flavan: A dust consisting of 75 percent celite and 25

percent hydroxynethyl flavan was tested against uature nymphs of the tropi-

cal rat mite. Net kills at 24 and L& hours after exposure were 52 and 84

percent respectively.
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Carbolineur: Carbolineur:, a wood preservative, cornonly used as an

acaricide in poultry heuses, appears to retain its toxic qualities for
sc.e time. Plywood panels painted with this naterial have continued to
kill larvae, nyuphs, and adult rites cver A H-weelk perica. At the fifth
week a two-hcur erposure resulted in a net kill of G2 percent aftef oL
hcurs and 100 percent 48 hcurs after exposure. In this test, 188 nites

were used on the treated panel and 216 on the untreated cr check panel,

Uther Materials: Ten additicnal substances were given prelininary

tests as possible acaricides. It has been reﬁorted that, when sprayed on
cloth, paper or wood, sCL of these have proved satisfactcry against troo-
biculid larvae; however, when iupregnated into clothing apparently nct all
were retained in sufficient amount during laundering to have practical

use,

The dosage in exploratery trials at this laboratory was nct regulated

and five larvae were used in each test. The niites were released intc and

cenfined to Y4-inch-square sanples ¢f the cloth or paper which had been
saturated cr liberally swabbed with the candidate acaricide, and the excess

allowed tc dissipate. The list of substances tested and the results are

presented in table 15.
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Table 15. Suunary of exposure tiies required to produce 100 per-
cent kill of tropical rat uites one to eilght days zfter appli-
cation of acaricide to test surfaces.

T, Tire required for 100 pereins Kill en zach
guSTaRE
Substance : s NI 0
Age of o of |
Pested he Gn Mresged LoT0, = . 4m Prembed
Treatient Voaft Teoor iTreatient) Cloth
(Days) A | (Days) | i
N-butyl phthalate 1 32 ninutes 7 i 62 miautes
Benzyl Benzoate B S 33 nminutes A 55 minutes
Neo-neutracene 1 38 ninutes 1 51 rinutes
Bocene 1 33 ninutes 7 ‘ug Linutes
Butyl acetate i 40 nminutes 7 13 minutes
o No effect after o effect
Pyridine 2 75 ninutes 7 after 77 nin.
Di-riethylphthalate 2 55 ninutes 8 90 minutes
Indalone 2 23 rinutes 8 65 ninutes
Rutgers 612 2 56 minutes 8 50 ninutes
Mixture of last 3 2 52 minutes 8 45 minutes




- 47 -

Field Insecticide and acaricide Investigaticrns

Tests on the Feaggbility of Usiqgrﬁed Dye in DDT Forivlaticns for the
Tontrol of Fat I 'cxs

Field and la“oratory tests have been conducted cn thz feasilllity of
uysing a red dye as a coloring agent to suggest the peisonous character of
DDT-pyrophyllite forrulations used for the control of rat Jlear, The ua-
terial under consideration, consisting of 0.2 percent red dye addec to a
forrulation containing 10 percent DDT and 90 percent pyrophyllite, was
gubritted for testing by Lucky Heart Laboratories of leuphis, Tenressce.
It has been tested for effects on réts, effects on the toxicity of TDT to
rat fleas, and coloring effect on wet surfaces. A sauple of the red dye

which was also subnitted has been tested for effects on rats and coloring

effect. on wet surfaces,

Bffects on Rat Behavior: In order to detect any avoiding action of

rats due to the red dye, a Norway rat was placed in a 1l x 2 foot cage, the
" s0lid bottonm of which had been covered to a depth of approximately one-
eighth inch with the red dye. Another rat was placed in a sinzilar cage,
helf the floor of which had been covered with a fernulation centaining lOA.
percent DDT and 90 percent pyrophyllite. 3Both rats stayed in the dusted ‘
portions of the cages for practically all of a six-hour period of observa-
tion,

in addition, the fari buildings which were dusted for rat-flea con-
trol with the 10-percent-DDT dust containing 0.2 percent of the red dye
were checked the following morning to deternine whether or not the rats

seened to aveid the colored dust. Tracks were found in nost of the patches

e
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of dust and the dust eround the nouth of some of the burrows had been al-

nost Gompletely.wipad up.

Bffects on the Toxicity of DDT; Laboratory and field tests were con-

ducted to deternine the effeet of the red dye on the toxic gualities of DDT,
For the chenical studies, fiva saiples werc taken fron different parts of
the 10~percent-DDT dust containing 0,2 percent of the red dye. Tests showed
an average DDT eccntent cf 9,4 percent, This does mot necessarily rean that
the red dye has adversely affected the DDT ¢ontent, since it has been found
on other occasions that coniiercial L0+pefcent—bDT dust produets vary as to
the actual DDT content.

Studies were also conducted to deteriiine the texieity of the sanme
naterial to rat fleas in the laberatory. One adult Norway rat was dusted
lightly with the 10-percent-DDT dust containing 0.2 percent of the dye and
placed in a jar for couparison with another Norway rat which was placed in

a siniilar container but was not dusted. Fifteen Xenopsylla cheopis were

placed on eagh rat. After a 2l-hour period, both rats wers killed and the
fleas recovered, Fourteen dead and no live fleas were recovered froo the‘
dusted rat, Thirteen live and two dead fleap were recoﬁered fron the check
rat,

Tield tests for deternining any adverse effects of the red dye on the
toxic qualities of DDT were cenducted at a rat-flee-infested farrn, The
standard equipuent for applying DDT dust fo; rat-flea control was used in
applying 14 pounds of the dust containing 0.2 percent of the red dye to a

feed barn, horse stable, and chicken house, The dust was applied on
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January 30, 1947 after pretreatient studies of the rat-flea index had
been iiade. Posttreatment studies were made 5 te 14 dnys after treatuent.
There was a range in the terperature during the trapping period fron 75O
¥, befcre treatuent to ol F, after treatment, However, all trapping was
dcne cn days cn which the ninimun temperature was atove 320 . Sulitable

check staticns were nct availadle for coparing the ratv-flea pepulaticns

sd arcq, six rats trapped

[
ct
+
(3]
@
ct
Qi

[
0

in treated and untrented areas. In th
just befcre treatuent bore a tetal of 124 fleas, After trsatuent five
rats were trapped, ncne of which bere any fleas. Thus, an apparznt con-

trcl cf 100 percent was cbtained,

Ccloring Effect on Wetp Suriaces: 4 patch of 10-percent—DDT dust cen-

h

the pure red dye were placed

taining 0,2 nercent red 4ye ~nd = potch ¢
S

]
AV

cn = piece of stained pine flccring and ¢ an unpainted piece «f half-inch
plywced, These waterials were kept wet fcr twe days after which tize they
were allcwed t¢ dry. When dry, an atterpt was nade to rencve the patehes
by wiping thew: with a dry cloth and then with scap »nd water. On each
piece of wecd a light pink tint was left by the DDT dust centaining 0.2
percent cf the red dye. A dark red ccolcr was left cn beth pieces of wecd

by the undiluted red aye. The red dye is sciewhat scluble in water and

presents a definite staining hazard.,

Crnclusicns and Recomrendations: The Lucky Heart red dye when added
7

tc¢ a 10-percent-DDT dust dces nct repel rats cr decrease the tcxic qual-
ities cf the DDT. Hcwever, it is scuewhnt scluble in water and will stain

wocdwerk, Because cf this, it cannct be reccmuended fcr widespread use in |

"------i--IIIllIllIIlllllllllllIIlIIIIIIIlllllllll.......lll.l.li




= B =

lowed tc coue in contact with the DDT Jdusts appried Iox

The extent of staining is such that 1t pight be objectionnbic 9 the cccu~-

pants c¢f rany hcies and est=blishuents.

Redent Population Studies

A rat feeding station develcped in England known as the "B

ing Staticn" and used by the Bureau of aniral Populaticn, Uxferd University,

has been given preliiinary testing to determine the feagibility cf its use

in deteruining rat populations in establishrents under ccnditions in this

country. Through the use of such a nethed, if proved satisfactery, rat

populations may be deteriined for field evaluatiocn of rcdenticides. The

feeding station is a box nade of wocd with a siall opening through which

the rat ray enter to feed.

Fcur cf these feeding stations were placed in a snall rat-precfed

building containing 39 Ncrway rats. In develcping this nethod fer the

estiiation ¢f rat populaticns, the first step was the deteruinaticn of

the ncrral average fcod censupticn of the varicus species and sizes of

rats over a 2Ul-hour periocd, Growing-chick scratch feed was used in the

feed stations over a period cf 15 days. While the rats were beccuing

accustoried to these stations, the arcunt of fecod taken increased daily

for a time and then leveled off at thelr average daily ccensumption, as

indicated in table 16, The fiuctuaticns on and after February 10 were




Table 16.

Average ancunt of
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chicken scratch fecd censwaed dally

by 39 Norway rats fed in Eltcn Feedirg Stations placed in a
ratprccfed tuilding,

Ancunt of Average
Ancunt of | feed recov- | Auount of feed T
Date feed put erel. after feed zons-uiption tenarks
cut ok hes, cor.sured ver rab
i e ,-' T T T 7T A few grains
2/ W/LU7 | 5880 eus E A3 gus o6 zus. | 30.92 gms. SPiiledml
i
2/ 5/47 5354 gus, | L77 gns. 577 ems. | “4.53 gus. | None
2/ 6/47 | 4777 eus L1406 gns. 657 gus. | 16,33 gns | Wone
2/ 7/47 | M40 gus, %4569 giS. 770 gms. | 19.79 gus. | None
2/ /47 | 3369 gus 2602 gus. 767 gus. | 19.66 gns. | Wone
2/ 9/47 | 2602 gus, | 1838 eus. 74 gns. | 19,07 gus. | Wone
Discurbance
dve ty work
o : onz 1
2/10/47 | 5880 gus. F2l2 gus. 668 gus. | 17.12 gus. buildigg
2/11/47 | 5212 gus. 4576 gus. 636 gus. | 16.31 gus. "
2/12/47 | 4576 gus. | 3832 gus. U4 gas, | 19,07 gus. | None
2/13/47 | 3832 gus. 3176 gus. 656 gns 16.66 gis. | None
Gen, Ave. Averages
2/14,15, At in 72hrs} 3 days were taken
16/47 | 3176 eus. U gius. 742 gmus. 19.02 gus. | over weekend
2/17/u47 | 3888 gns. 3128 gus, 760 gis. | 19,49 gos. | None
2/18/47 | 3128 gus. | 2372 gns. 756 gus. | 10,36 gns. | Home
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due to work being carried on in the rat house. It will be noted that

tne average auount of fool consuned per rat was about 19 gus. after they

pecase accustored to feeding in the boxes. The average weight of the rats

used in this experiment was 163 gus.

Food Preference Studies

If poiscn balts are to be used in poisoning operaticns, it is essen-

tial to have a suitable bait uaterial. Four types of baits have been

tested to date. Bach of the bait izaterials were cffered to the rats in

the ratprocfed building in separate feeding stations. The feeding stations

were rotated in the building in order to keep the rats fron continually

eating one type of focd because of being accustoned to feeding in one part

of the building., The results are shown in table 17. l

Table 17. Respective ancunts of each of the four baits consumed

during the feeding period., , 1
1

2 o Arcunt of Bait l.aterial Consumed

ate ate i ) Chicken o : }
Offered Recovered Wheat ! Chicken Rat Checkers Growing L |
, Ty Scratch Meal Kagh - - 1
2/26/47 3/10/47 j 1627 eo. | 3692 gu. 923 gri. 109 gr. 5

e in this instance at least that wet rashes are

These results indicat

not very acceptable and that the chicken scratch feed is the ucst acceptable,

This may be due to the fact that the rats had becoie accustouzed to this

est bait, Further studies of

food, In England wheat was found to be the b

this type are needed.




Tests on “1080"5/

Work was continued on the tests with "lOSO"ZAt reduced dosages., At
present the concentration being tested is 4 grams of "1080" per gallon of
water. This concentration has killed over half of the test rats in the
first 2U-hour pericd fellowing its presentaticn.

Sorie study was devoted toward finding A satisfactory coloring naterial
for use in "1080." This was judged tc be necessary due to the danger of
children drinking the solution. Cclors were tested which were believed to
be repulsive tc children and not repellent to rats. Various dyes and
colors were tried including vital stains and certified focd colcrs. Greens,
purples, browns, blues, and all the brighter colors were tried, but nmost
of thew appeared tc be attractive to ehildren as they resembled the soft
drinks now on the maArket or cther popular drinks such as iced tea, coffee,
etc, These bright colors were gdiscarded in favor of black or dark blue,
Tests were Lade using India ink and blue-black writing ink to deterunine
if water cocleored with these naterials would be taken by rats as readily
as pure water., The India ink was usel at a concentraticn of 3.5 ml, per
gallon of water and the writing ink at 4O nl, per gallon. Ten rats were
used in the tests over a pericd cf ten days. In carrying out the tests,
two drinking tubes were hung in each cof five cages, one contained the India

ink pmixture and the other water. The other five cages were set up in a

sinilar way with the blue-bdlack writing ink, TFifty ml. of the test naterials

were placed in the drinking tubes each norning and 2l—hour checks were nade

to deternine the auount taken.

P |

i/ "1080% is a technical grade cof scdiws flucrcacetate manufactured by
l.cnsantc Chexical Ce., St, Leuis, Ho.
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During the ten-day period of observmtion, the following results were

recorded:
Total azount of India ink and water taken,................... +...1094 cc
Anount of plain water taken in cages where India ink was used....l237 cc
Total anount of blue-black ink and water takel.............. ... 1341 cc

Arount of water taken in cages where plue-black ink was cffered..l382 cc

These findings indicate that the average aovnt of India ink taken
per rat per day was 20.9 cc, while the plain water in the salie cage was
consuried at the rate of 24,7 cc per rat. There was no cutstanding dif-
ference in the average auocunts of blue-black ink and water “aken in the
other cages.

Prelininary work was undertaken on the developnent of bait naterials.
In so.e of these, agar—agar Wwas used as a base, Peanut butter and oatmeal
were added to the disscolved agar-agar to serve as an attractant as well as
soe colering naterials such as India ink or blue-black ink. .After this
pixture sclidified, the consensus ¢f laboratory perscnnel was that the
colored cubes of agar-agar night be rcre attractive to children than the
coloriess ones. Baits prepared in this way were placed in ten cages, two
cubes tc a cage to test thelr acceptability to rats, All bait was eaten
during the first night except the plain agar cube which had no attractant
added to it. Other food was available in the cage while these baits were

tested. These studies will be continued with "1080" added te the nixture.
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Retprocfirg lmnvestigaticns

Tests to deteri:ine the relative resistance of new building naterials
tc da.nge by rats were undertaken early in 1246, The :nin purpuse of these
ctudies was tc deteriine the resistanms tc gnawing provided by fabricated
crupesiticn oaterials used in ship construnticn., Fewever, iany of the
materials tested may also be used for the cenghbrueticn or ratprconfing of
buildings and the findings will thus nsve aprlication in gereral rat con-
trol progra.s, The sanples which have been tested or are being tested
have 5een furnished by firrs engaged 1n the waarmafacture ¢f building uate—
rials.

The nethed of testing now being used has been evelved Trci a variety
of methcds emplcyed early in thq study. Varicus types of cages, nethods
¢f expcsure, and incentives were tried to induce the rats tc gnaw the
raterials under test. The cage now used for confining the rats and the
Lethod of presenting the test panels are shewn in figure 4. As indicated,
the cage is 24" x 13 1/2" x 7" and is divided intc twe coipartuents by a
12" x 12" panel (A) which is inserted in a Detal slot on each side cf the

cage and held firnly in place by a pinch brace. During pericds when test

panels are nct in place, a plywecd training panel with a hcle in the lcwer

left-hand ccrner is kept in place t¢ trrein the rats tc go thrcugh an open—

fin
ii
H
{i

ing inte the front ccipartient (C) where fced (F) and water (B) are kept.

The nesting box (E) is kept in the larger conpartuent (D) where the rats

are confined by the test panels, After training the rats tc go through a ;

srall opening in order to secure feod and water, the diet is soiewhat
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reduced and a test panel is inserted each week—day night (licnday through
Thursday) tc deternine if the rats are able to gnaw thrcugh the panel to
gain access to focd and water. Due tce the fact that the rats are accus-—

tcred to going thcugh the training panel at the lower left~hand ccrner,

] ruch of the gnawing effcrt is directed tc that area. The cagcs have a
metal bettow, an cpen tep of 1/2 inch hardware clcoth ~ncd A lining c¢f the

for use in ships, the ship

m

gane uaterial, As naterials being tested ar

rat Rattus rattus alexandrinus has becn used in all tests. Because sci.e

rats are better gnawers than: others, provision rust be iade for the ex-
posure of all panels tc all the rats. After each night of exposure, a
panel is iioved over to the adjoining cage for exposure that night and thus
the panels are rotated thrcugh all cages being used in the tests. Test
panels arc inserted in the late afterncon and reucved early each orning
at which tine any gnawing which tock place during the night is reccrded,

The rats are given a linited diet during the lionday thrcugh Friday period,

but they are given large feedings cver the week-end,
T¢ date, tests have been uade with 24 different w:aterials and tests
are ncw underway with 25 néditicnal ..aterials, Soue are tested tc deter—

lins their value for ratprcofing, while insulating waterials are investi-

gated to deternine if they will be used as rat harberage. Early in the

1 investigaticn, the panels were inserted flush with the betten ¢f the cage

sc no gnawing edge was presented., With the harder uaterials, it was in-
pessible fer the rat to begin te gnaw, In crder to reiedy this situation

" and tc give the materials a riore severe test, they were inserted sc the
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bottown edge was 1/8 ineh freom the betten of the cage. Later this opening
was lncreased to 1/& inch as it was felt that even with the best construc-—
ticn there would be jeints or cpenings cf 1/4% inch., In several instances,
tests were also nade with the pansl flush to the beotten tut with a 11/16
inch hele drilled thrcugh the lewer left-hand cover. lMany ¢f the panels

were tested under cach ¢f the abcve 4 econditicns.

Results:

Sawple RP. #1 (-5 karine beard, 3/16 inch thick, Keasbey and Lattison

CoLpany, Aubler, Pennsylvanial

This material is very hard. It was expesed 4 nights flush to the
bottcr: and 3 nights raised 1/8 inch frow the botten of the cage with nc
darage., Fifty nights of expesure when raised l/M inch resulted in soue
teeth grcoves along the lower edge. A panel having a 11/16 inch hole bored
abcut 1 1/2 inches from each edge was exposed for 18 nights with slight
danage. There were grooves all around the opening to a depth of about
1/16 inch. Althcugh few naterials are entirely ratproof, it is apparent |
that this naterial is very hard and under crdinary ccnditions weuld be
practically ratproof. Thirteen nights exposure of an additicnal panel
flush with the bottonm resulted in no daiage. This rnaterial is fairly
brittle and will break under a sharp iupact.

Sauple RP. #2 (-5 Larine beoard, 1/H inch thick, Keasbey and Lattison i

Coi.panyi

This panel is sinilar to #1, apparently differing only in being thicker.

Four nights exposure flush and 3 nights raised 1/3 inch fron the bottou of
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the cage resulted in no damage. There were only slight scratches on the
bottol edge of the panel after 53 nights exposure while raised 1/4 inch

frou the bottoa. A sscend panel exposed flush with the bottou of the cage
for 14 nights showed only a disccloration alcng the lower edge, and 20 nights
cxposure with a 11/16 ineh hele drilled threugh the lewer corner about 1 1/2
inehes frown each edge resulted in only a'few grooves arcund the circwuiference
of the opening. This naterial will break under a sharp jar or iupact,

Sanple RP. #3 O-4 liarine board, 3/16 inch thick:

Expesure for 4 nights flush with the botton and for 3 nights 1/8 inch
from the bottor of the cage resulted in no dasage. When set 1/4 inch frou
the bottorn of the cage, H2 nights exposure resulted in scne daunge. Grooves
were Lade all along the lower edge, some of which were 1/8 inch deep., Given
sufficient tire and ideal conditions, it is probable that rats would go
through this naterial. If a gnawing edge is not present, however, it is
" doubtful if rats would penetrate, since 15 nights exposure with the panel
flush cn the bottow resulted in no dauage, Twenty nights exposure of the
panel with a 11/16 inch hole resultcd in extensive gnawing and a2 slight en—
largelient of the heole, In tiue the rats wculd have gone through this open-
ing. This naterial is resistant to blcws cor sharp jars and is better in
this respect than sauple 2.

Sauple RP. #4 O-4 harine board, 1/8 inch thick, Keasbey and hattison

Conpany:
Four nights expcesure flush tc the bottown ¢f the cage and 3 nights

raised 1/8 inch frou the bottou caused no dauage, but when raised 1/4 inch
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frorm the bottor: there was considerable gnawing along the lower edge during
51 nights., The teeth grooves wore over holf the thickness of the panel,
but the edge hnd been gunwed back only ~bcub 1/8 inch. Tifteen nigats

£lusgh on the botton re-

Uz
[63]
ct

expesurc t¢ gnawing cn ancther sicilar panel
sulted in only a discoloration of the lcwer edge. 4 11/1€ inch hele in
one ccrner pernitted censidernble gnawing and the erlarge.ent cf the hole
te over 1 inch across in 19 nights. Expcoure for a larger pericd would
have Allcwed large rats tc ponetrats this opering =8 a snull rat went
through ¢n the 19th night. m1is Laterial is resistant te blows or jars.

Sarple FP. #5 (-3 Larine beard Finmalite finish - 3/4 inch thick,

Keasbey and lattison Coupany:

Six nights exposure wheﬁ flush with the betton of the cage resulted
in only slight gnawing along the lower edge., When raised 1/4 inch from
the botton the rats gnawed cn the panel 16 nights cut cof 26 and went
through the panel on the 26th night of exposure. A sinilar panel placed
flush witkh the botton forIBM nights was not penstrated, but it was very
extensively gnaweld and with further expcsure wculd have been penetrated,
This raterial is scft, relatively easily gnawed and is not ratproof re-
gardless of instillaticn,

Saiple RP. #b Standard Asbestos Tasbert

Laninated constructicn,. fire resistant, suzcoth surface, gray color,
1/4 inch thick, strcng and dense.
This saterisal is very siuilar to panel No. 1, Four nights exposure

flush to the betten of the cege and 2 nights raised 1/8 inch from the
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botton caused no notable effects. During a pericd of 46 nights with the
panel raised 1/u inch from the bettern there was sCiu€ grceving and pitting
of the bettcn edge. The deepest penetraticn was about 1/16 inch, Another
panel which was expcesed for 13 nights flush with the bctton received only
a few scratches and nicks along the lower edzs. A 11/16 inch circular
hele drilled throusgh the lower right-hand corner ¢f the pancl 1 1/2 inch
fron each edge was subjected te gnawing for 19 nights. Trere was SOLe
grooving all around the hole and chipping in a 1/4 inch area on one side
over half way thrcough the panel. The hcle was not enlarged and a great
deal of tiie wculd be required for the rats tc gnaw thelr way through even
under these ideal conditions, When propsrly installed this uaterial cculd
be considered as being relatively ratprocf. It is tough, hard and resis-
tznt to blows cr jars.

Sauple RP. #7  Century APAC Beard, 3/8 inch thick and uade of asbes-

tos fiber and Portland cerent, Keasbey and Mattison Corpany:

No dauage resulted fron tests oyer a pericﬁ ¢f 18 nights with the
panel flush on the bettenm of the caée or 4 nights with the panel 1/4 inch
from the bottom. Only a few grocves were rade arcund a 11/16 inch circu-
lar hcle during 14 nights., This raterisl is sinilar to panels No. 1 and
6 and can be censidered relatively ratprocf when carefully inst~mlled.
Hewever, it will break under a sharp blow or jar.

Sazple RP %8 Compesition beard with plaster surface backed with

petal lath and 1 inch of asbestos fiber held in place by a uetal sheet

at the bark. EKeasbey and liattiscen Coripany s
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The surfacing of this panel was rencved aleng the lower edge during
6 nightly tests even thcugh the panel was flush with the botter of the
cage. 4lthough the naterial is relatively ratprocf due tc the petal lath
and the sheet retal back, it wculd be subject tctextensive rat daizage on
the surface. Further, it wculd be aifficult tc install the panels sc there
are nc openings between the secticns of rmetn) lath when the surface cover—
ing is remcved. Such openings wculd expese the insulating material which
is readily ettacked and reucved by the rats even thcugh it is only 1 inch
thick,

Sample RP. #9 larine sheathing, plain fishish, 3/8 inch thick, Johns

l.ansville Corpany:

When expesed to gnawing, thié panel was not attacked by the rats dur-
ing the first 4 nights; but during the next three nights, the rats gnawed
through it tc gain aecess to the focd and water. Since this panel was
flush to the betto::, it cannot be ccnsidersd ratprocf, It offers little
resistance to gnawing. This uaterial is fairly resistant to sharp blows
or jars, 4

sacple RP. #10 Marine Sheathing, plain 1/2 ineh - Johns hLansville

Corpany:

When placed flush on the bottom of the cage, this naterial was not
attacked during 5 nights; but when raised 1/4 inch from the bottor, it was
attacked the first night, aid the rats went through it on the 19th night,
When a notch two inches long and 1/8 inch deep was cut in the lowér edge
of a panel of this material, it was attacked at once by the rats and was

considerably danmged during 26 nights, With more tine the panel would
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have been penetrated. A second panel which was set flush with the bottoi:
of the cage for 31 days was cnly slightly dainged.

If this waterial is set s¢ all jelints ars tight,it will be resistant
to gnawing; but if there are openings of 1/8 to 1/4 inch, the rats will
penctrate 1t in a few weeks. This zatserial is quite resistant te sharp
blows or Jjars,

Saple RP. #l1 Larinite, plain finish, 3/4 inch thick. Jechns hansville

Corpany: i

This raterial is rmch lighter than sarples 9 and 10, and it has a
hard glazed surface. However, its inner core appears to be scften than
the naterials in samples § and 10, When exposed flush with the botton of
the cage for 30 nights, the surTace layer wAas brokeﬁ; and the rats gnawed
tc a depth of about'l/ﬂ inch. It is prcbable that they would penetrate
this material if given sufficient tine. However, if the edges of this
uaterial are protected, the surface is so hard and saooth rats wculd not
be able to gnaw it. This material ijs resistant to blows or jars and is
far superior to sa.ple 12 in this respect.

Sauple RP. ¥l2 HMarinite, standard base finish, 3/” inch thick,

Jones hansville Coupany:

This panel is sinilar to nunber 11, but it lacks the hard glazed
surface. Thirty-five nights exposure flush with the boetton of the cage
resulted in only light danage alcng the lower nargin, While this uaterial
is resistant to gnawing, it is not ratprocf and cannct cci.pare tc samples

1, 2, 3, 6 or 7. This uaterial breaks readily with a Jjar cr sharp blow.
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Seiple RP, #13 Larinite, lLarine Veneer on both faces, 7/8 inch thick,

Jchns Mansville Corpany:

The central ccre cf this material is sinilar tc that in sauples 11 and
12. However, it is faced c¢n each side with a very hard glazed naterial
aliicst 1/8 inch thick. This surface material is resistant to gnawing and
was cnly slightly rcoughened along the lower edze by 20 nights eXxposure
flush with the bottcm, A circular hcle 11/16 inch in dianeter was bored
thrcugh a secend panel which was expesed for 20 nights. The surface fac-
ing was nicked arcund this hcle, but it was nct penetrated. This wterial
can be cemsidered to be relatively ratproef. It ccipares fairly well with
saples 1, 2, 3, 6, and 7. It is resistant te blows cr jars.

Sarple RP. #14 Transite, asbestes wood, l/@ inch thick, Jchns lans-

ville Ccipany:

This material was left flush with the botton of the test cage for 27
nights with no change cther than a rcughening and discclerizaticn cf the
lower edge. Ancther panel having a 11/16 inch holé bered in the lower
right-hand ccrner was expcsed for 29 nights, During this pericd the rats
¢ried comstantly to enlarge the hole and succeeded in making a band cf
nicks around the hele and = deep notch on cne side, The hcle was not
enlarged, but the notch was extended ali:ost through the panel and over
a long pericd of tine with ideal cenditicns, rats weuld prcbably pene-
trate this material, However, it is very rat resistant and under condi-
ticns of careful constructicn, it wculd preobably be ratprcof, It is re-

sistant tc blows or jars,
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Sample RP, #15 larine venesr, 3/16 inch thick, Johns Lansville

Corpany:

This is a hard material very similar tc saiple #14, Twenty-eight
nights expesure flush with the bcttow of the cage resulted in cnly a
glight roughening of the lower edge ¢f the panel, With preoper construc-
ticn so there are nc openings and edzes are protected, this naterial
would be relatively ratprccf., Further, it is very tough and resistant
tc jars and will readily withstmnd sharp bdlows with a haiier.

Sarple RP. #16 Larine veneer, 1/8 inch thick, Johns Lansville

Company:

This is a tough material which is resistant tc sharp blows or Jjars.
It is not as hard as sample 15, but it conpares fairly well with it.
Twenty—-seven nights expcsure flush with the £ottcm of the cage resulted
in only a slight nicking cf the lower edge. It is, thérefore, resistant
to rat attack, Further studies will be made with this panel raised 1/4
jnch fror: the becttom of the éage.

Sauple RP. #17 Transite Asbestcs Woed, 1/2 inch thick, Johns kans-

ville CoipAny:

This sauiple is a heavy, hard, dense, strong naterial which is resis-
tant to sharp blows cr jars, It wculd require 2 hard bdlow tc dent it
and it is nct liable teo scratch. Seventeen nights exposure flush with
the bcttew of the cage resulted in only a slight reoughening of the Jower
edge. Another penel having a 11/16 inch diaseter hole bored through one

cocrner about 1 1/2 inches frer the edges was expesed to rat gnawing for
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19 nights., The rats were unable t¢ gnaw this naterial and succeeded in
only seratching the surface around the hcle. This rmaterial may be conw

sidered as relatively ratprocf.,

Sa.pple RP, #18 Perferated rarine veneer. Sound procfing beard with

5/32 inch holes 1/2 inch epart. Bcard 3/16 inch thick. Jchns kansville

' Cecupany:

A sharp blow will break this board if it is unsuppcrted due to the
fact that it is weakened by the holes. The naterial is quite tough and
strong, however, and is resistant tc jars. It was expoesed for 4z nights
with its lower edge flush on the betton c¢f the cage. Lest of the heles
in the lower 3 inches cf the panel had been gnawed arcund the edges, but
none had been gnawed sufficiently to actually enlarge the holes, Active
gnawing extended tc a helght of 4 1/2 inches and there was some gnawing
tc a height of 7 1/2 inches. This material would be penetrated if ex-
pesed to rats over long periods, but it dees offer considerable resis-

tance. to gnawing.

Sample RP. #19 RC#1 Pressed cork with corposition face dented in

the center, Johns Mansville Corpany:

This panel is compeosed of cor:pressed cork 6 inches thick having a
two-ply facing of hard raterial over 1/2 inch thick. This facing is dense,
hard and strong and is resistant to blows or bruises and will withstand
sharp jars fairly well., The face of this panel was damaged to deterizine
if the rats would penetrate the dauaged area. During a pericd of 13

nights, wild Ncrway rats did not attack the damaged area. The panel was
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then reversed ts expose the insulating naterial., The rats burrowed into
this at cnce. Over a pericd of a few nights, they nade extensive excava-
ticns in the material and built a nest which they occupied for over 2
nenths. Lites becane nunercus 1n the nest and throughout the insulating
naterial.,

Although the insulating raterial will be used as harborage, the fac-
ing ig relatively ratprocf and under proper ecnstructicn will probably
prevent rats fron reaching the insulzating raterial, The backs rust also
¥e prctected with 2 similar facing or with metal.

Sarple RP. #20 #2Z. Brown fiber type insulation, 6 inchss thick,

with a 2-ply, hard cerent and fiber facing 1/2 inch thick, facing dented

im the shape of an equilateral triangle 2 1/2 inches on a side - Dmanu-
factyred by Jchns Liansville Corpany:

During €9 nights expcsure the facing was n¢t attacked along the edges
or at the injured area. On August 15, the facing was rercved tc expcse the
ijnsulation. The rats burrcwed inte it and lived in it until Noveuber 5
when the test was discontinued.

sarple RP. #21 #9RC Pressed ecrk insulation with ccuposition 2-ply

face, Jchns Mansville Cerpany:

The face of this panel was daraged severely prior tc testing. During
35 nights exposure, the rats failed to aétack the panel facing along the
edges cr in the injured area, even thcugh gecd gnawing edges were provideds
When the facing was reuncved cn August 15 to expose the insulating naterial,
they readily burrowed intc it and fcrred 2 nest. Six ycung were born cn

Septenber 22, and the rats renained in the material until Nevermber 5 when

the study was discontinued,
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The facing material is apparently rat resistant and affcrds pretection

t¢ the insulating material,

Saiple RP, #22 8-7Z and 8Za., Brown fibrecus insulaticn with a cciposi-

tien face (2-p0y) abeut 1/2 inch thick, . Jehns hiantcville Coopany:

The face ¢f this matsrial was dented by a hsavy blow prior tc testing.
During 17 nights exprsure the rats failed to attack the panel at any place,
When the faciﬁg was rewmcved August 15, they burrowed inte the insulating
izaterial and nested. Ycung were bern in Cetcber and the rats reriained in
the naterial until Nevezber when the study was discentinued, The facing
naterial is rat resistant and prevides preotecticn fer the insulating nate-

rial,

Sa.ple RP. #23 #1B, Scft,brcwnish,fibrcus material faced with cenent

ccuprsiticn beard 2-ply 1/2 inch thick, Insulaticn 6 inches thick,
Jchns lansville Counpany:

The surface cf this panel was daiaged to test if rats wculd penctrate
te the insulaticn through a dauaged area, Neither the edges nor the danaged
area cf the facing was attacked by the rats during 31 nights exposure, ihen
the facing was reiioved the insulaticn was utilized as harberage by the rats.
The rats rerained in the insulaticn freo Adgust 15 until the test was dis—

centinued in Nevember.

Ccnclusicns

Very few waterials can be ccnsidered absclutely ratprccf, When rats
are abundant and hungry, they will pencetrate even ccncrete if given suf-
ficient ti;e and suitable ccnditicns, They have been kncwn tc penetrate

4 inches cof cencrete under such cenditicns, Any co.positicn material can
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therefcre at best be ccnsidered as cnly relatively ratproct,

Studies tc date on the varicus npaterials tested indicate that sarples
i, 2, &, 15, and 17 are the tcst resistant to attack by rats and can be
censidered te be fairly ratprocf, Sauples 3, 1, and 16 are resistant and
under conditicns cf careful imstallatien should give prctecticn from rat
attack cver ccnsiderable pericds, Sauples 4, 11, 12, and 18 are cnly’?
noderately resistant, while samples 5, 8, 9, and 10 are unsatisfactcry.

Sarples 19, 20, 21, 22, and 23 were imsulatcry raterial 6 inches thick
with a hard, 2-ply ncompo'siticn facing 1/2 inch thick., The facing of all
these saiples were very rat resistant and were nct danaged in any of the
tests even thcugh they were injured or dented tc give a gnawing edge,

Rats readily burrcwed and nested in the insulating naterial of all
these panels. They successfully produeed young in twc of theu, and it is
apparent that the insulaticn st be prctected, It 1s believed the facing
is adequate protection for cne side, and the naterial could be used with

safety if all other surfaces are squally well protected,
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work on zuoh problems was poesible. It wes p@aaible'@aly to meintein collection
of gualitetive informatiocn on breeding of Anqgmgiga wmosqultoss in the Bxperi-
mental Arean. Previous work ot the Field Ststien hed resulted in the development
of methods Tor making messurements of mosguito populations. Continued observes
tiens on the velus of these methods were wade. In oonnoetion with attempis o

weagure Auopheles populetions, considerabic attenticn wes glven to the hablite
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plate and & drop of solution which will dissclve the dye is plesced en each

mosguite, If the specimen has been previcusly dysd, the destaining sclution
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ble or related to this are not immediately appare: . 71 is hopsd, however, that

ained from enelysis

by the end of the seascn soms releted factors can 15 deter
of the date being obialned by hydrolegical observaiions. If this is not poseis=
ble, variations of factore may be detected when the Hoprlistion begins %o lne=
eresse. The extent to which the populetien has bec) reducnd is almest unbee

b5

lsevable. In wany instences mosguitoos have not W ia avellable 4m sufficient
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proviocuely $e¢ facilitete coilesticn. Ths treatment 4o
inssety but renders them unconsclious for severs! minutes  dwing which
. -

same Shey are transferred o large giass teet tubes and stored in vhe

[

@

‘rigsrator until exwained. Io this conneavion, it 18 Lnterssiing thet

e
regy

Peds

mosguitoes survive for several deys iLn the reesing compariment of the

f

e £ {Arae ve&‘r‘an .

£ 5o 2t g 4 g et L @ ar 9 o G g S ¥ G
Bocguitoves occllevted in the maniner

axamined {or the purposs of evalueving.

obsein an estimets of age based upon ths condibion of the wing

2. degree of bleod iugestion, 3. degree of

setegories were ussd for each item. Specimens were slso classl

space of the lLaemosoele occcupied by the fat bedy. Approximstely . ,000

spevimens were olugsified by this method. This is the largesty numbsr of

spscimens ever soliected during the winter months for a critical gtudy of
winter metabolism eapd aotivity of Ancphales in this regicn.

The duta ccllected indicate that the life span of some female Anspheles
is greatly prolonged in the winter months. The absence of mmies in all
scllesticns indicetve that they ere very intelerant to ccld. Collectlious
fer Anopheless larvee wore made during this study end the information ob-

teined indicstes that lerval predustion stops whap the temperajure remains

telow 50°F. for very iong. Adult femajes gre present im signiflicant numbers

&

st this %ime but gradually become fewer throughout the winter- The females
are aoctive during uhe warmer pericds of the winter snd &t leanst & porvion
cbtain a blood meal. ESubssquently eggs develop tov maturity and it is most

likely the% they are ovipesited. The eggs do not hateh until weier tempere-

4urss) become werm encughs . When thig ooocurs the larvae develop. Within a
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the desired data were being obiein

8 s undertaking of whe Pield Station
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made through the Division of Mines, Miniag

wone of Conservation. Under terms of this STTELEOMONLT

2 Water Resvurces Brans h fur

mad

program within vhe iimits of & sti: DUV by Frald iun &
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esched with i equsl amount of Federal funds.  Work o
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4 Staltron bub sovivities pervaining to the
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through this sgreement i% haz been peasibie to professions.
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ethey than ralarie.

ALY mornidity date heve Lesn compiled and brougbt down to da!
be kept uwp surrently in the Tubture. Unless unforscen sonditions
4 &

resoyrcs will

agein osour these date should always be ready for snslvelis.



Loy

L

recentiy,

i

16id abserva

e Fpdem s
LEUSH 10

for o hydrolegist to be in rosidense et the project. Two engineers from
the T. So Geologicad Survey were statlioncd at the Field Stuticn on July 1,

39h5. This srrangement will eneble consider

aing collsebado

mare effeablive use of

ducted and will &

have been node with ooe

s,

gspiion of in the vieinity of the

leboratory. Instruments o sre already in ha

T @ e g e
ERCLNOTE

o gy 2 o 2 + D
station will be pilmced in A
T ole 5 S -+
obtia will o he




gl i srsk O ok £ % L L it i [
- 7/
3 ( . . & o ot : .
: i3 A B L Wil ' ;




Muash of the Pleld on v

% A e Ao & - 4 oy uen ok -
A8 GQUAVLLY LE QoULOrDed 1en o=te

;_‘

% on
:(:) Ty

hievory of

program investigeting the

I 2 mex e £
lerge propevtion of

T o oy a3 & ¢ puste A o
SURTCLEDON BCULTL

2 ey 4 - B oy gy €5 Lap oo £.R
epidemiological problems which easlly lavestls=
e B T S T = o g e e ATy g o v o e 37 A Arar e doa 1 Tt e 3 T § s
gated by Lthe geme motheds that melerle morbidlty dete are obltalned. Likee

srne disonacs could be

P i — b
emto The hydrolo-

seme blolsgleal meth

. .. )
gioel work is Intimately related o

N

% e

henith . and

a s= 5 k3 . %, L. T & - S . “eld Sts ioan e f 3
I% will be nobed 1 e publicaticn of the Field Statlen stefl and

from the titles listed in this repordt, that the secondory problems whioch
b, & of %
developed in cannection with Investigaticn of more conprehensive ones, heve
g direct bearing on the investlgative program as a whole. The progrem i
7 ot

dosigned %o combinue supplylng these pertions of the plcture fo contribute
%o the entity of the main prebleme It 1s believsd that the selectien of a
primary objective, especlelly one as inc}uéiv@ a2 the naturzl history ef
maiarie, provides the best means of assuring ocordinstion and continuity of
researcho

specifioally, the foilowlng proposals are made [or the next fiscal year,

1, Epidemiclogical Tnvestipetlons

Gentinve morbidity studiees by house visites and suwrveys az in the past
h ! b

gonducet observations in the Atebrine prophylexis arce; meintein public hemlth



i i
@ o
- o
£

-

o

ne
r

&
N
Z;‘

ohn
W,

4

551

fols
S

¥
&

& o
e .ﬂ\,.u -
™ LB [
L 5]
ﬂm “NHJ <y
- o ,.,.4 ﬁfw n,.w
40 w  ; i o Ml..:
PR ) ) W.,M ]
1 K > i
) “ d &
b Gs o
S o bt :
Tk - @3 3 &,
Sy s o o ok
i 43 %] = : ¥y
i w4 Ea o @ a
et 2] 3 £
wisd &3 @ vird b 3 151
S (2 & L'l g
= £ o & 3 ke
&1 %] [61] < [s ] sed & e
= ,;.hm gk L] P e © &
s ¥ P @ £ -
£3; wh Ay god wrt Wi

e

ﬁ'@
£
e
b
&
]
3
i

ya




5w UL LD L€

L0888

1 £,

henpive st

oy g

QN8 ¢

te ko

al oyele.

e — = X v s gy s g & i Goap ARy 5
studles Lnionnive oy only Jrom

8 g s e
ANE MG

—_—
Vi







A

o)
At

PFeraunies

W

82

% ¥

o

- ) A A x -
Sept LGE Lug
MUrEe '8 SRUBTY ANG Lravel
{Mra. 1. B. Bush, Jr.)

Nurse s salary and Sravel

TRYE wde ponds w093 i st
Wachorse Thompson)

ineidental labor

o &
B

- s

leboratory eguipmenty

Fieid eguipnment

Expendivls suppiies and service

r

Leboratory suppliss
Field suppiies

Cffice supplies

Engineering and mapping suppiles

and map printing
Nursing suppiles
Truck maintenance

Reatving and power

rary, and

g

dheyl oA s
S24L00.00
prary ~
Q..%UOt U

1000.00
250.00

250.00

500.00
200.00

150.00

10000
10000
450.00

300 .00

&Gz00 00

EL500.00

$1800-00






9]

5

s 5 o Yo oe Bk AN B e ¥ T L
& irechor ‘s smiary eand trevel (Ha.f

' T £k 5
o4 Botomoioprat s LIRS
R

i, Jd- B Zukel

o =

Caentilie aide's amiary

(Y
T

Be. L. Lofson

L. Engineering Aide’s ealary

- Jierk's salary

F2)
Ha

23

‘sorie Vipes

e

salery (5 months)

z - . s
O. EBagineer

e Tr&nsgerta%isn and auvomokbive
maintenance (65 vehicle mentha)

Gaologioal Survey

.

4o Mmitched fund for stipen

*
&y
€©
i

0

2,000.00

2,000.00

T A KA T 25

$19,651 .00




From the holdings of the National Archives at Atlanta



	NARA4.17.12.17.pdf
	Binder4.pdf
	NARA 4.17.17 - Part One.pdf
	NARA 4.17.17 -Part Two.pdf
	NARA 4.17.17 - Part Three.pdf




